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INTRODUCTION 


This  publication  on  Precise  Levelling  is  the  first  one  issued  by  the  Geodetic 
Survey  of  Canada  as  a  separate  branch  of  the  Department  of  the  Interior. 
Precise  levelHng  results  previously  issued  to  the  pubhc  are  contained  in  six 
"  Publications  of  the  Dominion  Observatory",  as  follows: — 


The  present  publication  is  arranged  in  the  same  general  form  as  the  previous 
ones,  with  the  results  of  the  levelling  set  forth  in  three  tables.  The  index  and 
map  included  herein  are  complete  for  all  the  work  previously  published,  as  well 
as  that  in  the  present  publication;  the  index  indicates  in  which  pubhcation 
descriptions  and  elevations  of  bench-marks  published  before  this  may  be  found. 

Table  I  indicates  the  routes  followed  between  terminal  points  and  gives 
complete  descriptions  of  all  bench-marks  established  along  these  routes. 

Table  II  shows  in  the  first  two  columns  the  numbers  of  the  bench-marks;  in 
the  third  and  fourth  columns  the  approximate  distance  (in  miles)  between 
bench-marks,  and  from  the  initial  bench-mark  of  the  fine;  the  fifth  and  sixth 
columns  (headed  Discrepancy  ")  give  the  difference  (in  feet)  between  the 
forward  levelling  and  the  backward  levelling  for  each  section  between  bench- 
marks and  the  accumulated  difference  from  the  initial  bench-mark.  The  seventh 
column  gives  the  elevations  of  the  bench-marks  shown  in  the  second  column; 
for  convenience,  these  bench-marks  are  repeated  (in  the  eighth  column)  in 
order  that  the  number  of  any  bench-mark  and  its  elevation  may  be  in  adjoining 
columns.  In  this  table  are  shown  also  the  elevations  determined  by  the  Geodetic 
Survey  of  Canada  for  certain  bench-marks  established  by  other  surve3^s  and 
connected  with  the  former. 

Table  III  shows  the  elevations  at  railway  stations  and  at  crossings  of  inter- 
secting railways;  also  on  the  bridges  over  rivers  and  lakes  and  the  more  important 
streams.  Rail  elevations  were  in  all  cases  taken  on  top  of  the  rail,  in  front  of  the 
telegraph  office  at  telegraph  stations  and  opposite  the  shelter  or  platform  at  flag- 
stations. 

The  results  are  given  for  the  following  lines: — 

1.  Rouse  Point,  N.Y.  to  Sherbrooke,  Que. 

2.  Ste.  Rosalie  Junction  to  Farnham,  Que. 

3.  Chaudiere  to  Richmond,  Que. 

4.  Loop  line  around  Montreal,  Que. 

5.  Brantford  to  Lucan  Crossing,  Ont. 

6.  Guelph  Junction  to  Palmerston,  Ont. 

7.  Fergus  to  Melville,  Ont. 

8.  Port  Dalhousie  and  Port  Colborne,  Ont. 

9.  Franz  to  Port  Arthur,  Ont. 

10.  Jasper,  Alta.,  to  Loos,  B.C. 

11.  Abbotsford  to  Resplendent,  B.C. 

12.  Revelstoke  to  Kamloops,  B.C. 

Line  1  was  started  from  the  United  States  Coast  and  Geodetic  Survey 
bench-mark  in  the  Chapman  Block,  Rouse  Point,  N.Y.;  levels  were  carried  via 
St.  Lambert,  Ste.  Rosalie  Junction  and  Richmond,  being  closed  at  Sherbrooke  on 


Vol.  I,  No.  2,  issued  1912* 
Vol.  I,  No.  3,      "  1913 
Vol.  I,  No.  8,     "  1914 


Vol.  II,  No.  1,  issued  1915 
Vol.  Ill,  No.  6,  "  1916 
Vol.  Ill,  No.  8,      "  1917 


*Levelling  in  Yukon  territory  only. 
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the  original  Rouse  Point-Sherbrooke  line — carried  via  St.  Johns,  Farnham  and 
Magog  (see  1917  publication,  Hne  c).  The  closing  error  of  the  circuit  formed  by 
the  two  hues  from  Rouse  Point  to  Sherbrooke  is  0-279  foot — the  difference 
between  the  two  elevations  for  the  junction  bench-mark  at  Sherbrooke.  Line 
2  divides  this  circuit  into  two  smaller  ones,  the  closing  errors  being  respectively 
0-104  foot  and  0-175  foot.  Line  3  was  started  from  the  St.  Anselme-Levis  line 
(1916  pubhcation)  and  terminated  at  Ricmond,  with  a  small  closing  error,  on 
line  1. 

Line  4  branches  from  line  1  at  St.  Lambert  and  after  crossing  the  Victoria 
bridge  over  the  St.  Lawrence  river  forms  a  complete  loop  around  the  main 
portion  of  the  city  of  Montreal,  closing  upon  itself  at  bench-mark  DLXXXIV,  at 
the  Point  St.  Charles  end  of  the  Victoria  bridge.  Nineteen  bench-marks  were 
established  along  the  course  of  the  line  and  in  addition  several  bench-marks 
of  the  Pubhc  Works  Department  of  Canada  were  tied  in;  tables  I  and  II  in  this 
pubhcation  give  descriptions  and  elevations  of  all  bench-marks,  those  originally 
established  by  the  Pubhc  Works  Department  being  designated  by  Roman 
numerals.  The  route  taken  by  the  loop  line  from  bench-mark  DLXXXIV  was 
as  follows:  the  tracks  of  the  Grand  Trunk  railway  were  followed  through  Point 
St.  Charles  and  St.  Henri  to  the  crossing  of  Atwater  avenue;  Atwater  avenue  was 
then  followed  to  the  subway  under  the  Canadian  Pacific  railway's  Montreal- 
Smiths  Falls  line;  a  spur  line  was  run  from  this  point  to  Dominion  Square  while 
the  main  line  of  levels  was  continued  along  the  Canadian  Pacific  railway  through 
Montreal  West,  Cote-des-Neiges  and  Mile  End  to  the  Place  Viger  station;  the 
streets  along  the  water  front  were  then  followed  till  the  line  closed  upon  itself  at 
the  above  mentioned  bench-mark.  The  closing  error  of  0-087  foot  has  been 
distributed  equally  around  the  loop  at  the  rate  of  0-004  foot  per  mile — the 
distance  being  21f  miles. 

The  1913  publication  gave  results  for  a  large  circuit  of  levelling  in  western 
Ontario  extending  through  Toronto,  Brantford,  London,  Palmerston  and  Owen 
Sound.  Lines  5,  6  and  7  given  herewith,  split  this  circuit  into  four  small  ones, 
all  having  fairly  small  closures.  Line  5  was  started  from  the  main  Toronto- 
Windsor  line  near  Brantford,  line  6  is  a  branch  from  line  5  and  line  7  a  branch 
from  line  6,  each  being  terminated  at  a  point  on  the  circumference  of  the  large 
circuit.  Under  line  8  are  included  two  short  branch  lines  from  the  Hamilton- 
Bridgeburg  hne  (1913  publication),  namely:  St.  Catharines  to  Port  Dalhousie 
and  Welland  Junction  to  Port  Colborne;  these  were  run  primarily  for  the 
purpose  of  forming  a  connection  between  the  Geodetic  Survey  levels  in  the 
Niagara  peninsula  and  the  levels  established  by  the  Hydrographic  Survey, 
Department  of  the  Naval  Service,  by  means  of  water  transfers  across  the  great 
lakes.  The  elevation  of  the  Hydrographic  Survey's  bench-mark  at  Port  Dal- 
housie, derived  by  water  transfers  between  the  years  1911  and  1914  from  the 
automatic  gauge  at  Tibbets  Point,  N.Y.,  is  250-421,  and  the  elevation  of  their 
bench-mark  at  Port  Colborne,  derived  by  water  transfers  between  the  same  years 
irom  automatic  gauges  at  Buffalo  and  Cleveland,  is  584-688;  the  elevations 
obtained  by  the  line  of  precise  levels  of  the  Geodetic  Survey  of  Canada  from 
Rouse  Point,  via  Toronto  and  Hamilton,  are  249-812  and  583-994  respectively. 
This  means  that  the  difference  between  the  Port  Dalhousie  and  Port  Colborne 
bench-marks  of  the  Hydrographic  Survey,  as  established  by  precise  levelling,  is 
334-182  feet. 

Line  9  is  a  continuation  of  the  line  from  Steelton  to  Franz  which  was  pubhshed 
last  year;  at  Port  Arthur  it  closes  upon  the  line  from  Stephen,  Minn.,  thus 
forming  the  first  connection  by  precise  levelling  through  Canada  between  the 
United  States  Coast  and  Geodetic  Survey  bench-marks  at  Rouse  Point,  N.Y., 
and  Stephen,  Minn.  At  Port  Arthur  this  line  is  connected  wdth  a  bench-mark  of 
the  Hydrographic  Survey;  the  elevation  of  this,  derived  by  water  transfers 
between  the  years  1907  and  1914  from  Marquette,  Mich.,  is  616-154;  the 
elevation  obtained  by  the  line  of  precise  levels  of  the  Geodetic  Survey  of  Canada 
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from  Rouse  Point  is  614-456.  To  recapitulate,  connections  have  now  been  made 
between  water-transfer  bench-marks  and  the  precise  level  system  of  the  Geodetic 
Survey  of  Canada  at  the  following  points  on  the  great  lakes:  Kingston,  Brighton, 
Toronto  and  Port  Dalhousie  on  lake  Ontario,  Port  Colborne  on  lake  Erie, 
Goderich  on  lake  Huron,  Michipicoten  and  Port  Arthur  on  lake  Superior. 

Line  10  is  a  continuation  of  the  Saskatoon-Wainwright-Edmonton-Jasper 
line  (1915-16-17  publications).  Line  11  was  started  at  Abbotsford,  B.C.,  from 
the  levels  previously  run  along  the  Great  Northern  railway  from  Vancouver 
(1916  publication).  By  means  of  this  line  the  mean  sea  level  datum  established 
at  Vancouver  by  the  Tidal  and  Current  Survey  is  extended  inland  to  Resplendent 
— only  a  short  distance  from  the  Yellowhead  pass — and  a  junction  made  with 
levels  from  Stephen,  Minn.  It  is  to  be  observed  that  the  difference  shown  at  the 
junction  point — refer  to  Table  II — is  only  0-049  foot.  Line  12  completes  the 
Calgary-Field-Revelstoke  line  (1916  and  1917  publications)  and  establishes 
another  junction  with  the  Stephen  levels — namely  at  Kamloops,  B.C.  The 
closure  at  this  point,  1-094  feet,  is  not  so  satisfactory  as  at  Resplendent.  This 
may  be  in  a  large  measure  due  to  the  closing  error  of  slightly  over  one  foot  in  the 
twelve  hundred  mile  circuit  in  Saskatchewan  and  Alberta — refer  to  the  intro- 
duction to  the  1916  publication. 

As  in  previous  publications  all  elevations  are  instrumental  and  have  had  no 
adjustments  applied  to  them,  with  the  single  exception  of  the  loop  line  around 
the  city  of  Montreal  where  the  small  closing  error  was  distributed  proportionately 
to  the  distance  in  order  to  avoid  confusion  to  engineering  organizations  using  the 
bench-marks. 

The  standard  bench-mark  adopted  consists  of  a  copper  bolt,  three-quarters 
of  an  inch  in  diameter  and  four  inches  long,  stamped  on  the  end  with  the  letters 
''G.S.C.,  B.M."  (Geodetic  Survey  of  Canada,  Bench-mark).  The  bolt  is 
sunk  horizontally  in  rock  or  masonry  so  that  only  the  circular  end  is  visible. ;  the 
number  of  the  bench-mark  is  stamped  on  this  end  as  well  as  the  letters  mentioned 
above,  and  a  horizontal  chisel  line  is  cut,  upon  which  the  elevation  is  taken.  At 
certain  points  concrete  bench-mark  piers  have  been  built;  these  project  from 
six  inches  to  one  foot  above  the  ground  and  extend  below  the  frost  line;  in  all 
piers  built  previous  to  1917  the  copper  bolt  upon  which  the  elevation  was  taken 
was  placed  horizontally  in  a  side  of  the  pier,  about  nine  inches  below  the  top.  In 
1917  a  new  design  was  adopted,  the  bolt  being  placed  vertically  in  the  top  of  the 
pier.    The  description  indicates  in  each  case  the  position  of  the  bolt. 


8 


Geodetic  Survey  of  Canada 


TABLE  I 

BENCH-MARKS  BETWEEN  ROUSE  POINT,  N.Y.,  AND  SHERBROOKE,  QUE., 
VIA  NAPIERVILLE  JUNCTION  RAILWAY  TO  DELSON  AND 
GRAND   TRUNK    RAILWAY   THROUGH  ST. 
LAMBERT  AND   RICHMOND  TO 
SHERBROOKE. 

Elevations  on  page  S2. 

Note.— These  descriptions  are  written  with  the  assumption  that  the  railway  runs  in  a  northerly 
direction  from  Rouse  Point  to  St.  Lambert,  thence  easterly  to  Richmond  and  thence  southerly 
to  Sherbrooke. 

©    United  States  Coast  and  Geodetic  Survey  bench-mark  in  Chapman  Block,  Rouse  Point. 

581-  B    In  north  face — 5  inches  above  concrete  base — of  international  boundary  monument  No.  647  ,  66  feet 

west  of  Grand  Trunk  railway  track,  1  mile  north  of  Rouse  Point  and  on  south  line  of  roadway 
along  boundary. 

582-  B    In  north  end  of  east  face  of  concrete  coping  on  east  end  of  pipe  culvert  under  Napierville  Junction 

railway,  2  miles  south  of  Lacolle  and  100  feet  south  of  mile  post  3  from  international 
boundary. 

583-  B    In  east  end  of  north  face  of  concrete  retaining  wall  behind  south  abutment  of  subway  under  Napier- 

ville Junction  railway,  400  feet  south  of  Lacolle  station. 

584-  B    In  northwest  face  of  southwest  wing  wall  of  concrete  culvert  under  King  Edward  highway,  2  miles 

north  of  Lacolle  and  500  feet  northeast  of  crossing  of  Napierville  Junction  railway. 

585-  B   In  east  end  of  north  face  of  south  concrete  abutment  of  open  culvert  under  Napierville  Junction 

railway,  4j  miles  north  of  Lacolle  and  345  feet  north  of  mile  post  9  from  international 
boundary. 

586-  B    In  west  end  of  south  face — 10  inches  below  top — of  concrete  retaining  wall  behind  south  abutment 

of  Napierville  Junction  railway  bridge,  400  feet  north  of  Napierville  station. 

587-  B    In  second  course  of  stonework  below  water-table  course,  in  north  face  of  pilaster  at  northeast  corner 

of  Napierville  Roman  Catholic  church. 

588-  B    In  east  end  of  south  face  of  north  concrete  abutment  of  open  culvert  under  Napierville  Junction 

railway,  Z\  miles  north  of  Napierville  and  at  mileage  15-7  from  international  boundary. 

589-  B    In  south  end  of  west  face — 30  inches  below  top — of  southwest  concrete  retaining  wall  of  plate-girder 

bridge  on  Napierville  Junction  railway,  900  feet  south  of  St.  Edouard  station. 

590-  B    In  east  end  of  north  face  of  south  concrete  abutment  of  open  culvert  under  Napierville  Junction 

railway,  450  feet  south  of  La  Tortue  flag-station. 

591-  B    In  south  end  of  east  face — 9  inches  below  coping — of  east  concrete  face-wall  of  pipe  culvert  under 

Napierville  Junction  railway,  f  mile  north  of  La  Tortue  flag-station  and  midway  between  two 
farm  crossings  about  500  feet  apart. 

592-  B    In  north  face  of  southeast  concrete  retaining  wall — 5  feet  below  bridge  seat — of  plate-girder  bridge 

on  Napierville  Junction  railway,  \\  miles  south  of  Delson  and  at  mileage  26-15  from  inter- 
national boundary. 

593-  B    In  side  of  concrete  bench-mark  pier,  3  feet  east  of  west  line  of  Napierville  Junction  railway  right  of 

way,  60  feet  north  of  a  private  crossing  and  1,250  feet  southeast  of  Canadian  Pacific  station 
at  Delson.  This  is  beside  the  easterly  track  of  the  loop  at  Delson,  i.e.,  the  track  which 
connects  with  the  Canadian  Pacific  railway. 

594-  B    In  north  end  of  west  face  of  east  abutment  of  square  concrete  culvert  under  Canadian  Pacific 

railway,  immediately  west  of  diamond  crossing  of  Grand  Trunk  railway  at  Delson. 

595-  B    In  east  face  of  flat  boulder  beside  ditch,  12  feet  east  of  west  line  of  Grand  Trunk  railway  right  of 

way,  3  miles  north  of  Delson,  60  feet  north  of  a  farm  crossing  and  1,800  feet  north  of  mile  post 
16  from  Montreal. 

596-  B    In  second  altar-step  below  top,  in  northeast  face  of  northeast  retaining  wall  of  plate-girder  bridge  on 

Grand  Trunk  railway,  U  miles  north  of  Laprairie  and  340  feet  south  of  mile  post  13  from 
Montreal. 

597-  B    In  top  course  of  stonework,  in  west  face  of  north  abutment  of  large  open  culvert  under  Grand  Trunk 

railway.  If  miles  south  of  St.  Lambert  and  0-6  mile  south  of  diamond  crossing  of  Montreal 
and  Southern  Counties  (electric)  railway. 
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597_B-2   In  third  course  of  stone  work  below  water  table  course,  in  east  face  of  pilaster  at  east  end  of  front 
(or  south)  wall  of  St.  Lambert  post  office. 

598-  B    In  south  face  of  concrete  extension  of  top  course  of  stonework  in  west  abutment  of  open  culvert  under 

Grand  Trunk  railway  in  Southwark  yard,  1  mile  east  of  St.  Lambert  and  1,000  feet  east  of  a 
highway  crossing. 

599-  B    In  north  end  of  west  face  of  stone  retaining  wall  behind  east  abutment  of  open  culvert  under  Grand 

Trunk  railway,  1  mile  west  of  St.  Hubert  and  320  feet  west  of  "Yard  Limit"  post  at  east  end 
of  Southwark  yard, 

600-  B    In  water  table  course  of  stonework,  in  east  face  of  buttress  at  east  end  of  front  (or  south)  wall  of 

Roman  Catholic  church,  St.  Hubert. 

601-  B    In  north  end  of  west  face  of  stone  retaining  wall  behind  east  abutment  of  plate-girder  bridge  on 

Grand  Trunk  railway,  1|  miles  west  of  St.Bruno  and  immediately  east  of  a  highway  crossing. 

602-  B   In  west  end  of  south  face  of  concrete  coping  on  south  end  of  stone  culvert  under  Grand  Trunk  rail- 

way, immediately  west  of  St.  Bruno  station. 

603-  B    In  first  course  of  stonework  below  coping,  in  west  end  of  north  face  of  square  stone  culvert  under 

Grand  Trunk  railway,  1  mile  west  of  St.  Bazile,  700  feet  east  of  a  highway  crossing  and  550 
feet  east  of  mile  post  16  from  Montreal. 

604-  B    In  side  (or  east)  wall  of  Roman  Catholic  church  at  St.  Bazile,  7  feet  8  inches  below  sill  of  first 

window  from  front  of  building. 

605-  B   In  south  end  of  west  face  of  stone  retaining  wall  behind  east  abutment  of  open  culvert  under  Grand 

Trunk  railway,  1  mile  east  of  St.  Bazile  and  at  mileage  18-25  from  Montreal. 

606-  B    In  south  end  of  west  face — 14  inches  below  top — of  concrete  retaining  wall  behind  east  abutment  of 

Grand  Trunk  railway  bridge  over  Richelieu  river,  immediately  east  of  Beloeil. 

607-  B   In  water-table  course  of  stonework,  in  west  wall — 5  feet  from  northwest  corner — of  Grand  Trunk 

station  house  at  St.  Hilaire. 

608-  B    In  east  end  of  north  face — 20  inches  below  coping — of  square  concrete  culvert  under  Grand  Trunk 

railway,  at  the  east  line  of  a  highway  crossing,  2\  miles  east  of  St. Hilaire  East  and  at  mileage 
25-15  from  Montreal. 

609-  B    In  north  end  of  east  face  of  concrete  retaining  wall  behind  west  abutment — 18  inches  above  bridge 

seat — of  plate-girder  bridge  on  Grand  Trunk  railway,  \  mile  west  of  Ste.  Madeleine. 

610-  B    In  east  face — 2  feet  below  top-y-of  north  face  wall  of  square  concrete  culvert  under  Grand  Trunk 

railway,  at  a  diagonal  highway  crossing,  2\  miles  west  of  St.  Hyacinthe  and  at  mileage  33-2 
from  Montreal, 

611-  B   In  second  course  of  stonework  below  brickwork,  in  west  end  of  front  (or  north)  wall  of  Grand  Trunk 

station  house  at  St.  Hyacinthe. 

612-  B   In  fourth  course  of  stonework  below  brickwork,  in  south  end  of  front  (or  east)  wall  of  St.  Hyacinthe 

registry  office,  on  west  side  of  du  Palais  street. 

613-  B   In  first  course  of  stonework  above  concrete  sidewalk,  in  north  wall  of  clock  tower  of  St.  Hyacinthe 

post  office,  immediately  west  of  main  doorway. 

614-  B    In  east  face-wall  of  concrete  tile  culvert  under  Canadian  Pacific  railway  immediately  south  of 

diamond  crossing  of  Grand  Trunk  railway  at  Ste.  Rosalie  Junction. 

624-  B    In  side  of  concrete  bench-mark  pier,  23  feet  south  of  north  line  of  Grand  Trunk  railway  right  of  way, 

2  miles  east  of  Ste.  Rosalie  Junction,  80  feet  west  of  a  rail-stand  and  1,820  feet  west  of  mile 
post  40  from  Montreal. 

625-  B   In  second  course  of  stonework  below  bridge  seat,  in  north  end  of  west  face  of  east  abutment  of  plate- 

girder  bridge  on  Grand  Trunk  railway,  700  feet  west  of  Britannia  Mills  station, 

626-  B   In  second  course  of  stonework  below  brickwork,  in  front  (or  southwest)  wall  of  registry  office  at  St. 

Liboire,  11  feet  3  inches  from  west  corner  of  building. 

627-  B   In  second  course  of  stonework  below  top,  in  southwest  face  of  southwest  wing  wall  of  Grand  Trunk 

railway  bridge  over  Black  river  at  Upton. 

628-  B    In  water-table  course  of  stonework,  in  south  end  of  side  (or  west)  wall  of  Roman  Catholic  church  at 

Upton. 

629-  B    In  second  course  of  stonework  below  seat  of  I-beams,  in  northeast  face  of  northeast  wing  wall  of 

open  culvert  under  Grand  Trunk  railway,  2f  miles  west  of  Actonvale  and  at  mileage  51  •  6  from 
Montreal. 

630-  B    In  first  course  of  stonework  below  water-table  course,  in  east  end  of  south  wall  of  clock  tower  of 

Actonvale  post  office. 


10 


Geodetic  Survey  of  Canada 


631-  B    In  top  course  of  stonework,  in  north  face  of  northeast  wing  wall  of  stone  arch  culvert  under  Grand 

Trunk  railway,  2  miles  east  of  Actonvale  and  at  mileage  56-3  from  Montreal. 

632-  B    In  first  course  of  stonework  above  bridge  seat,  in  north  end  of  west  face  of  retaining  wall  behind 

east  abutment  of  plate-girder  bi'idge  over  Moose  river,  2{  miles  west  of  Danby  and  at  mileage 
59-8  from  Montreal. 

633-  B    In  west  face  of  coping  on  south  end  of  small  stone  culvert  u«der  Grand  Trunk  railway,  \  mile  east  of 

Danby. 

634-  B    In  east  end  of  north  face  of  north  concrete  face-wall  of  pipe  culvert  under  Grand  Trunk  railway,  1 

mile  west  of  South  Durham  and  at  mileage  65-2  from  Montreal. 

635-  B    In  first  course  of  stonework  below  cap-stone,  in  south  face — immediately  above  southwest  wing 

wall — of  stone  arch  culvert  under  Grand  Trunk  railway,  \  mile  east  of  South  Durham. 

636-  B    In  third  course  of  stonework  below  bridge  seat,  in  south  end  of  east  face  of  west  abutment  of  plate- 

girder  bridge  on  Grand  Trunk  railway,  \  mile  east  of  Lisgar. 

637-  B   In  east  face  of  coping  on  south  end  of  small  stone  culvert  under  Grand  Trunk  railway,  \  mile  east  of 

Gore. 

638-  B    In  second  course  of  stonework  above  bridge  seat,  in  north  end  of  east  face  of  retaining  wall  behind 

west  abutment  of  Grand  Trunk  railway  bridge  over  St.  P>ancis  river,  \  \  miles  northwest  of 
Richmond. 

639-  B    In  west  wall  (facing  main  line)  of  Grand  Trunk  station  house  at  Richmond.    The  bench-mark  is  in 

concrete  foundation  of  dining  room  bay  window. 

640-  B    In  sixth  course  of  stonework  below  brickwork,  in  west  end  of  south  wall  of  Richmond  post  office. 

641-  B    In  third  course  of  stonework  below  seat  of  I-beams,  in  west  face  of  south  abutment  of  open  culvert 

under  Grand  Trunk  railway,  2\  miles  south  of  Richmond  and  at  mileage  78-7  from  Montreal. 

642-  B    In  east  side  of  long  curved  rock  cut  on  Grand  Trunk  railway — near  south  end  of  cut — 330  feet 

north  of  an  old  stone  culvert,  800  feet  north  of  north  switch  of  Morse  passing-track  and  at 
mileage  814  from  Montreal. 

643-  B    In  first  course  of  stonework  below  bridge  seat,  in  west  face  of  north  abutment  of  plate-girder  bridge 

on  Grand  Trunk  railway,  2\  miles  north  of  Windsor  Mills  and  at  mileage  84-1  from  Montreal. 

644-  B    In  first  course  below  brickwork,  in  west  face  of  corner  stone  at  northwest  corner  of  a  brick  business 

block  in  the  town  of  Windsor  Mills,  at  the  southeast  corner  of  Richmond  and  St.  George 
streets. 

645-  B    In  third  course  of  stonework  above  bridge  seat,  in  west  end  of  north  face  of  retaining  wall  behind 

south  abutment  of  plate  girder  bridge  over  Wattapikaw  river,  |  mile  south  of  Windsor  Mills 
station. 

646-  B    In  top  course  of  stonework,  in  west  end  of  south  face  of  retaining  wall  behind  north  abutment  of 

small  plate  girder  bridge  on  Grand  Trunk  railway,  0-4  mile  north  of  Titus  flag-station 
and  at  mileage  89-9  from  Montreal. 

647-  B    In  second  course  of  stonework  below  top,  in  north  end  of  west  face  of  northwest  retaining  wall  of 

Grand  Trunk  railway  bridge  over  St.  Francis  river,  1^  miles  north  of  Bromptonville. 

648-  B    In  second  course  of  stonework  below  water-table  course,  in  north  end  of  east  wall  of  vestry  (at 

northeast  corner)  of  Roman  Catholic  church,  Bromptonville. 

649-  B   In  west  end  of  north  face  of  concrete  retaining  wall  behind  south  abutment  of  plate-girder  bridge  on 

Grand  Trunk  railway,  2  miles  south  of  Bromptonville  and  at  mileage  96-6  from  Montreal. 

650-  B   In  side  of  concrete  bench-mark  pier,  10  feet  east  of  west  line  of  Grand  Trunk  railway  right  of  way, 

2,000  feet  north  of  a  stone  arch  culvert  and  575  feet  south  of  mile  post  99  from  Montreal — 
about  2  miles  north  of  Sherbrooke. 

3  In  second  course  of  stonework  below  top,  in  west  end  of  south  face  of  retaining  wall  behind  north 
abutment  of  Grand  Trunk  railway  bridge  over  Magog  river  at  Sherbrooke,  2,000  feet  north 
of  the  station. 

BENCH-MARKS  BETWEEN  STE.  ROSALIE  JUNCTION  AND  FARNIL\M,  QUE.,  VIA- 

CANADIAN  PACIFIC  RAILWAY. 

Elevations  on  page  SS. 

615 -  B    In  concrete  foundation  of  Canadian  Pacific  water-tank  at  St.  Hyacinthe.    The  bench-mark  is  1 

foot  below  woodwork,  in  the  side  which  faces  the  track. 

616-  B   In  west  face-wall  of  concrete  tile  culvert  under  Canadian  Pacific  railway,  2|  miles  south  of  St. 

Hyacinthe  and  at  mileage  22-2  from  Farnham. 
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617-  B    In  north  end  of  west  face  of  west  concrete  face-wall  of  tile  culvert  under  Canadian  Pacific  railway, 

at  mileage  19-2  from  Farnham. 

618-  B    In  east  face — 10  inches  below  top — of  concrete  retaining  wall  behind  north  aljutment  of  CJanadian 

Pacific  railway  bridge  over  Black  river,  \  mile  south  of  St.  Pie. 

619-  B    In  west  face-wall  of  concrete  tile  culvert  under  Canadian  Pacific  railway  at  mileage  1.3-7  from 

Farnham. 

620-  B    In  east  face — 1  foot  below  top — of  concrete  footing  of  semaphore  beside  Canadian  Pacific  railway 

track,  at  second  telegraph  pole  north  of  mile  post  11  from  Farnham.  This  is  the  second  (or 
distant)  semaphore  south  of  diamond  crossing  of  Montreal  and  Southern  Counties  (electric) 
railway  at  Abbottsford. 

621-  B    In  east  face-wall  of  concrete  tile  culvert  under  Canadian  Pacific  railway,  2  miles  north  of  Canrobert 

and  at  mileage  7-5  from  Farnham. 

622-  B    In  south  end  of  east  face  of  east  concrete  face- wall  of  tile  culvert  under  Canadian  Pacific  railway, 

500  feet  south  of  Canrobert  station. 

623-  B    In  side  of  concrete  bench-mark  pier,  6  feet  east  of  west  line  of  Canadian  Pacific  railway  right  of  way, 

250  feet  south  of  a  whistle  post  for  north  bound  trains  and  630  feet  south  of  a  culvert  at  mileage 
1-4  north  of  Farnham. 

62       In  top  course  of  stonework,  in  east  end  of  front  (or  south)  wall  of  Canadian  Pacific  station  house 
at  Farnham. 

BENCH-MARKS  BETWEEN  CHAUDIERE  AND  RICHMOND,  QUE.,  VIA  GRAND  TRUNK 

RAILWAY. 

Elevations  on  page  34- 

651-  B    In  side  of  concrete  bench-mark  pier,  7  feet  west  of  east  line  of  Grand  Trunk  railway  right  of  way, 

2^-  miles  south  of  Chaudiere,  560  feet  south  of  culvert  at  mileage  161-5,  and  500  feet  north 
of  culvert  at  mileage  161-3  from  Montreal. 

652-  B   In  north  face  of  rock  exposure,  8  feet  east  of  west  line  of  Grand  Trunk  railway  right  of  way,  680 

feet  north  of  a  stone  culvert,  ^  mile  south  of  Craig  Road  and  570  feet  north  of  mile  post  157 
from  Montreal. 

653-  B    In  second  course  of  stonework  below  bridge  seat,  in  west  end  of  south  face  of  north  abutment  of 

plate-girder  bridge  on  Grand  Trunk  railway,  f  mile  north  of  St.  Agapit  and  at  second  tele- 
graph pole  south  of  mile  post  153  from  Montreal. 

654-  B    In  west  end  of  north  face  of  south  concrete  abutment  of  small  culvert  under  Grand  Trunk  railway, 

1,300  feet  south  of  overhead  (highway)  bridge  at  St.  Agapit. 

655-  B    In  water-table  course  of  stonework,  inside  (or  south)  wall  of  Roman  Catholic  church  at  St.  Agpit 

3  feet  from  rear  of  main  section  of  building. 

656-  B    In  east  face  of  flat  gray  boulder — 7  feet  by  7  feet — lying  exactly  on  west  line  of  Grand  Trunk  railway 

right  of  way,  3  miles  north  of  Dosquet  and  1,630  feet  south  of  mile  post  147  from  Montreal. 

657-  B    In  first  course  of  stonework  below  bridge-seat,  in  west  end  of  north  face  of  south  abutment  of  plate- 

girder  bridge  on  Grand  Trunk  railway,  ^  mile  south  of  Dosquet. 

658-  B    In  second  course  of  stonework  below  cap-stone,  in  north  face  of  southwest  retaining  wall  of  plate- 

grider  bridge  on  Grand  Trunk  railway,  3§  miles  south  of  Dosquet  and  at  mileage  140-3  from 
Montreal. 

659-  B    In  north  face  of  large  rounded  boulder,  20  feet  west  of  east  line  of  Grand  Trunk  railway  right  of 

way,  I5  miles  north  of  Lyster  and  at  mileage  137-3  from  Montreal. 

660-  B    In  west  end  of  north  face  of  concrete  retaining  wall  behind  south  abutment — 4  feet  9  inches  above 

bridge  seat — of  Grand  Trunk  railway  bridge  over  Becancour  river  at  Lyster. 

661-  B    In  west  face  of  exposed  rock  surface,  3  feet  west  of  east  line  of  Grand  Trunk  railway  right  of  way, 

20  feet  south  of  a  concrete  tile  culvert,  700  feet  south  of  a  diagonal  highway  crossing  and 
between  second  and  third  telegraph  poles  south  of  mile  post  133  from  Montreal. 

662-  B    In-top  course  of  stonework,  in  west  face  of  northwest  wing  wall  of  stone  arch  culvert  under  Grand 

Trunk  railway,  1, 100  feet  south  of  Ste.  Julie  station. 

663-  B    In  west  face  of  exposed  rock  surface,  10  feet  west  of  east  line  of  Grand  Trunk  railway  right  of  way 

400  feet  south  of  mile  post  128  from  Montreal  and  between  fourteenth  and  fifteenth  telegraph 
poles  north  of  a  highway  crossing. 

664-  B    In  second  course  of  stonework  above  bridge  seat,  in  west  end  of  north  face  of  retaining  wall  behind 

south  abutment  of  plate-girder  bridge  on  Grand  Trunk  railway,  2j  miles  north  of  Plessis- 
ville  and  at  mileage  125-7  from  Montreal. 

41807—3 
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665-  B    In  east  end  of  north  face  of  concrete  retaining  wall  behind  south  abutment — 18  inches  above  bridge 

seat — of  plate-girder  bridge  on  Grand  Trunk  railway,  \  mile  south  of  Plessisville. 

666-  B    In  first  course  of  stonework  below  water-table  course,  in  west  wall  of  Plessisville  Roman  Catholic 

Roman  church,  3  feet  6  inches  from  front  (or  north)  wall  of  building. 

667-  B    In  side  of  concrete  bench-mark  pier,  6  feet  east  of  west  line  of  Grand  Trunk  railway  right  of  way, 

100  feet  north  of  a  small  culvert.  If  miles  north  of  Princeville  and  400  feet  north  of  mile  post 
119  from  Montreal. 

668-  B    In  third  course  of  stonework  below  water-table  course,  in  rear  (or  south)  wall  of  Princeville 

Roman  Catholic  church,  9  feet  east  of  centre  line  of  building. 

669-  B    In  fourth  course  of  stonework  below  top,  in  west  face  of  retaining  wall  behind  north  abutment  of 

plate-girder  bridge  on  Grand  Trunk  railway,  3  miles  south  of  Princeville  and  at  mileage 
114-3  from  Montreal. 

670-  B    In  second  course  of  stonework  below  brickwork,  in  north  end  of  west  wall  (facing  Grand  Trunk 

station)  of  Victoriaville  post  office. 

671-  B    In  third  course  of  stonework  below  water-table  course,  in  side  (or  south)  wall  of  Victoriaville 

Roman  Catholic  church,  in  second  stone  west  of  first  basement  window  from  front  of  build- 
ing. 

672-  B    In  fourth  course  of  stonework  below  top,  in  west  face  of  retaining  wall  behind  south  abutment  of 

Grand  Trunk  railway  bridge  over  Nicolet  river,  \  mile  south  of  Victoriaville  station. 

673-  B    In  north  end  of  west  face — 21  inches  below  top — of  square  concrete  culvert  under  Grand  Trunk 

railway,  3  miles  north  of  Warwick  and  at  mileage  103-3  from  Montreal. 

674-  B    In  first  course' of  stonework  above  concrete  walk,  in  west  end  of  south  wall  of  south  transept  of 

Warwick  Roman  Catholic  church. 

675-  B    In  first  course  of  stonework  above  bridge  seat,  in  west  end  of  north  face  of  retaining  wall  behind 

south  abutment  of  truss  bridge  on  Grand  Trunk  railway,  I  mile  south  of  Warwick. 

676-  B    In  second  altar-step  below  top,  in  southeast  face  of  southeast  wing  wall  of  small  plate  girder  bridge 

on  Grand  Trunk  railway,  3  miles  north  of  Kingsey  and  at  mileage  95-4  from  Montreal. 

677-  B        In  north  end  of  west  face — 15  inches  below  top — of  west  concrete  face-wall  of  pipe  culvert  under 

Grand  Trunk  railway,  \  mile  north  of  Kingsey  and  at  sixth  telegraph  pole  south  of  mile 
post  93  from  Montreal. 

678-  B    In  third  course  of  stonework  above  bridge  seat,  in  east  end  of  north  face  of  retaining  all  behind 

south  abutment  of  Grand  Trunk  railway  bridge  over  southwest  branch  of  Nicolet  river, 
\\  miles  north  of  Danville  and  at  mileage  89-9  from  Montreal. 

679-  B    In  first  course  of  stonework  below  coping,  in  north  end  of  east  face  of  stone  arch  culvert  under 

Grand  Trunk  railway,  1,000  feet  south  of  Danville  station. 

680-  B    In  first  course  of  stonework  below  cap-stone,  in  east  face  of  south  abutment  of  open  culvert  under 

Grand  Trunk  railway,  2f  miles  south  of  Danville  and  at  mileage  85-6  from  Moutreal.  This 
is  the  farther  south  of  two  culverts  about  700  feet  apart. 

681-  B    In  first  course  of  stonework  below  seat  of  I-beams,  in  southwest  face  of  northwest  wing   wall  of 

open  culvert  under  Grand  Trunk  railway,  700  feet  south  of  St.  Cyr  station. 

682-  B    In  second  course  of  stonework  below  top,  in  west  end  of  south  face  of  north  abutment  of  stone  and 

concrete  culvert  under  Grand  Trunk  railway,  3?  miles  northeast  of  Richmond  and  90  feet 
north  of  mile  post  80  from  Montreal. 

683-  B    In  side  of  concrete  bench-mark  pier,  5  feet  north  of  south  line  of  Grand  Trunk  railway  right  of  way, 

330  feet  east  of  mile  post  78  from  Montreal  and  65  feet  east  of  a  w4iistle-post  for  trains 
bound  toward  Levis — about  1^  miles  east  of  Richmond. 

639-B    In  Grand  Trunk  station-house  at  Richmond— see  line  from  Rouse  Point  to  Sherbrooke. 


BENCH-MARKS  ON  LOOP  LINE  AROUND  CITY  OF  MONTREAL 

Elevations  on  jmgc  So. 

Note.— For  description  of  route  followed  in  running  this  line  see  introduction. 

DLXXXVI  In  first  course  of  stonework  above  bridge  seat,  in  north  end  of  east  face  of  retaining  wall 
behind  west  abutment  of  Victoria  avenue  subway  under  Grand  Trunk  railway,  immediately 
east  of  St.  Lambert  station. 
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DLXXXV  In  south  face  of  stone  wall  separating  Grand  Trunk  railway  track  from  public  roadway,  at 
St.  Lambert  end  of  Victoria  bridge  over  St.  Lawrence  river.  The  bench-mark  is  at  east 
end  of  wall,  9  inches  above  bridge  floor  and  5  feet  east  of  most  easterly  steel  arch  carrying 
power  wires. 

DLXXXIV  In  south  face  of  stone  wall  separating  Grand  Trunk  railway  track  from  electric  railway  track, 
at  Point  St.  Charles  end  of  Victoria  bridge  over  St.  Lawrence  river.  The  bench-mark  is 
18  feet  east  of  west  end  of  wall  and  directly  beneath  second  steel  arch  (carrying  power  wires) 
from  west  end  of  bridge. 

DLXXXIII  In  second  course  of  stonework  above  bridge  seat,  in  west  end  of  north  face  of  retaining  wall 
behind  south  abutment  of  Grand  Trunk  railway  swing  bridge  over  Lachine  canal,  between 
Point  St.  Charles  and  St.  Henri. 

DCCCXLVI  In  second  course  of  stonework  above  sidewalk,  in  front  (or  south)  wall  of  Ste.  Cunegonde 
Roman  Catholic  church,  15  feet  from  southeast  corner  of  building.  This  church  is  at  the 
corner  of  St.  James  and  Vinet  streets,  Montreal. 

807  In  ninth  course  of  stonework  below  bridge  seat,  in  south  end  of  east  face  of  west  abutment  of 

Atwater  avenue  subway  under  Canadian  Pacific  railway,  1  mile  west  of  Windsor  street 
station. 

808  In  north  (or   Osborne  street)  wall  of  Canadian  Pacific  railway's  Windsor  street  station.  The 

bench-mark  is  27  inches  above  concrete  sidewalk  and  26  feet  west  of  west  line  of  Stanley 
street. 

809  In  first  course  of  stonework  below  water-table  course,  in  semicircular  wall  of  westerly  (or  Cathedral 

street)  transept  of  St.  James  Roman  Catholic  cathedral,  Dominion  Square.  The  bench- 
mark is  22  feet  from  west  wall  of  vestibule  of  small  entrance  at  north  side  of  transept. 

810  In  front  (or  south)  wall — 15  inches  below  brickwork  and  3  feet  6  inches  from  southeast  corner — of 

Canadian  Pacific  station-house,  Westmount. 

811  In  third  course  of  stonework  below  top,  in  north  face  of  east  abutment  of  private  subway  under 

Canadian  Pacific  railway,  1  mile  east  of  Montreal  West  station,  and  1 , 800  feet  east  of  mile  post 
4  from  Montreal — Windsor  street. 

812  In  side  (or  north)  foundation  wall  of  Montreal  W^est  town  hall,  2  feet  below  brickwork  and  24  feet 

from  front  wall  of  building. 

813  In  northwest  face  of  northeast  concrete  retaining  wall — 17  feet  below  bridge  seat — of  railway  sub- 

way under  Montreal-Smiths  Falls  line  of  Canadian  Pacific  railway,  |  mile  west  of  Montreal 
West  station. 

814  In  face  of  southeast  retaining  wall  of  square  concrete  culvert  under  Canadian  Pacific  railway 

650  feet  southwest  of  St.  Luc  Junction  station — on  cutoff  from  St.  Luc  Junction  to  Montreal- 
Smith's  Falls  line. 

815  In  fourth  course  of  stonework  below  brickwork,  in  north  end  of  front  (or  west)  wall  of  Roman 

Catholic  school  at  C6te-des-Neiges — 100  yards  south  of  Canadian  Pacific  railway. 

816  In  Canadian  Northern  railway  subway  under  Canadian  Pacific  railway,  f  mile  east  of  Cote-des- 

Neiges  and  near  northerly  entrance  of  Mount  Royal  tunnel.  The  bench-mark  is  placed 
vertically  in  top  of  concrete  coping  of  retaining  wall,  at  north  side  of  Canadian  Pacific  rail- 
way, and  at  west  side  of  Canadian  Northern  railway,  1  foot  from  sloping  face  of  retaining 
wall. 

817  In  side  (or  west)  concrete  foundation  wall  of  Canadian  Northern  railway  electric  power  substation 

near  northerly  entrance  of  Mount  Royal  tunnel.  The  bench-mark  is  21  inches  below  brick- 
work and  13  feet  from  front  wall  of  building. 

818  In  west  face  of  concrete  retaining  wall  at  east  side  of  Park  avenue  subway  under  Canadian  Pacific 

railway,  |  mile  west  of  Mile  End  station.  The  bench-mark  is  26  inches  above  sidewalk 
through  subway,  in  pilaster  between  fifth  and  sixth  panels  north  of  railway  tracks. 

819  In  rear  (or  south)  wall  of  Canadian  Pacific  station-house.  Mile  End.    The  bench-mark  is  26  inches 

above  concrete  platform  and  3  feet  west  of  east  line  of  St.  Dominique  street. 

820  In  fourth  course  of  stonework  below  water-table  course,  in  St.  L^rbain  street  wall  of  St.  George's 

Roman  Catholic  church,  32  feet  north  of  north  wall  of  tower.  This  church  is  on  Bernard 
avenue,  between  Waverley  and  St.  L'rban  streets. 

821  In  east  face  of  concrete  retaining  wall  on  top  of  north  end  of  east  abutment  of  Iberville  street  subway 

under  Canadian  Pacific  railway.  If  miles  southeast  of  Mile  End  station.  The  bench-mark 
is  20  inches  below  top  of  retaining  wall  and  opposite  east  end  of  northerly  girder. 

822  In  south  end  of  east  face  of  west  concrete  abutment — 11  feet  below  bridge  seat — of  Moreau  street 

subway  under  Longue  Pointe  branch  of  the  Canadian  Pacific  railway.  This  subway  is 
im.mediately  north  of  Forsyth  street  and  about  500  feet  east  of  main  track  from  Mile  End 
to  Place  Viger  station. 

41807— 3i 
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823  In  south  face  of  concrete  retaining  wall  at  north  side  of  Canadian  Pacific  railway  track  in  front  o' 

Belle  Rive  park,  400  feet  west  of  subway  leading  to  Longueuil  ferry  landing.  The  bench, 
mark  is  6  feet  west  of  east  end  of  wall  and  6  feet,  6  inches  below  top. 

824  In  easterly  concrete  abutment  of  Notre  Dame  street  bridge  over  Canadian  Pacific  railway  at 

entrance  to  Place  Viger  station  yard.  The  bench-mark  is  2  feet  above  track  level,  in  east 
face  of  fourth  buttress  from  east  end  of  retaining  wall  at  south  side  of  street. 

N      In  south  end  of  west  (or  Callieres  street)  wall  of  Montreal  custom  house — at  the  corner  of  Callieres 
and  Commissioner  streets.    The  bench-mark  is  4  feet  9  inches  above  concrete  sidewalk. 

825  In  first  course  of  stonework  above  basement  windows,  in  west  (or  McGill  street)  wall  of  Customs 

examining  warehouse,  21  feet  from  southwest  corner  of  building. 


BENCH-MARKS  BETWEEN  BRANTFORD  AND  LUCAN  CROSSING,  ONT.,*  VIA  GRAND 
TRUNK  RAILWAY  THROUGH  GUELPH  AND  STRATFORD. 

Elevations  on  -page  S6. 

77-  F    In  side  of  concrete  bench-mark  pier,  5  feet  west  of  east  line  of  Grand  Trunk  railway  right  of  way, 

1,470  feet  north  of  a  (private)  subway  and  5  mile  north  of  Harrisburg. 

78-  F    In  south  end  of  east  face  of  stone  coping  on  southeast  retaining  wall  of  deck-truss  bridge  on  Grand 

Trunk  railway,  2§  miles  north  of  Harrisburg. 

79-  F   In  south  end  of  east  face  of  coping  on  east  end  of  stone-arch  subway  under  Grand  Trunk  railway, 

If  miles  south  of  Branchton. 

80-  F    In  south  end  of  west  face  of  coping  on  west  end  of  stone-arch  subway  (farm  road)  under  Grand  Trunk 

railway,  21  miles  south  of  Gait  and  at  mile  post  9  from  Harrisburg. 

81-  F   In  second  course  of  stonework  above  concrete  platform,  in  front  (or  east)  wall  of  Grand  Trunk 

station-house  at  Gait,  22  feet  from  southeast  corner  of  building. 

82-  F   In  first  course  of  stonework  above  concrete  sidewalk,  in  front  (or  east)  wall  of  Gait  post  office,  26 

feet  south  of  north  wall  of  clock  tower  and  immediately  north  of  a  steel  rain-water  pipe. 

82-  F-2  In  tenth  course  of  stonework  below  bridge  seat,  in  west  face — fourth  stone  from  south  end — of 

east  abutment  of  bridge  by  which  Canadian  Pacific  railway  passes  over  Grand  Trunk 
railway,  IJ-  miles  north  of  Gait  (Grand  Trunk  station). 

83-  F    In  first  course  of  stonework  above  concrete  sidewalk,  in  front  (or  east)  wall  of  Preston  post  office, 

immediately  south  of  northerly  entrance. 

84-  F    In  seventh  course  of  stonework  below  window  sills,  in  south  end  of  front  (or  west)  wall  of  Preston 

town  hall  and  fire  station. 

85-  F  Destroyed. 

86-  r    In  front  (or  west)  wall  of  Hespeler  town  hall,  3  feet  6  inches  below  water-table  course  of  stone- 

work and  between  the  two  basement  windows  to  the  north  of  the  main  entrance. 

87-  F    In  top  course  of  stonework,  in  east  face  of  south  abutment  of  large  stone  and  concrete  culvert  under 

Grand  Trunk  railway,  3^  miles  north  of  Hespeler  and  at  mileage  22-5  from  Harrisburg. 

88-  F   In  side  of  concrete  bench-mark  pier,  9  feet  east  of  west  line  of  Grand  Trunk  railway  right  of  way, 

f  mile  south  of  Guelph  Junction  and  60  feet  north  of  mile  post  26  from  Harrisburg. 

89-  F    In  Corinthian  Stone  Company's  building,  immediately  northwest  of  Grand  Trunk  railway 

diamond  crossing  at  Guelph  Junction.  The  bench-mark  is  18  inches  above  ground  and  3 
feet  from  east  corner  of  building,  in  southeast  wall  (wall  facing  towards  diamond). 

90-  F   In  fifth  course  of  stonework  below  brickwork,  in  front  (or  south)  wall  of  Grand  Trunk  station- 

house  at  Guelph,  immediately  west  of  west  wall  of  ticket  office. 

91-  F   In  first  course  of  stonework  below  water-table  course,  in  front  (or  east)  wall  of  armoury  at  Guelph — 

directly  above  first  basement  window  north  of  main  entrance. 

92-  F    In  second  course  of  stonework  below  water-table  course,  in  small  rounded  wall  (facing  Douglas 

street)  at  east  side  of  Guelph  post  office.  The  bench-mark  is  6  feet  from  east  wall  of 
vestibule  at  entrance  to  Customs  and  Inland  Revenue  offices. 

93-  F    In  top  course  of  stonework,  in  west  face  of  retaining  wall  behind  east  abutment  of  subway  under 

Grand  Trunk  railway,  2}  miles  east  of  Breslau  and  at  mileage  55-8  from  Toronto. 
The  bench-mark  is  14  feet  north  of  centre  line  of  track. 

94-  F    In  third  course  of  stonework  below  top,  in  north  face — 2  feet  from  west  end — of  southeast  retaining 

wall  of  Grand  Trunk  railway  bridge  over  Grand  river,  |  mile  west  of  Breslau. 
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5-F    In  third  course  of  stonework  below  brickwork,  in  front  (or  north)  wall  of  Orand  Trunk  station- 
house  at  Kitchener,  33  feet  from  northeast  corner  of  building. 

96-  F    In  fourth  course  of  stonework  below  brickwork,  in  north  (or  Weber  street)  wall  of  Kitchener  public 

library,  26  feet  from  northeast  corner  of  building. 

97-  F    In  second  course  of  stonework  above  concrete  sidewalk,  in  north  wall  of  Kitchener  post  office — 

corner  of  Benton  street  and  King  street  east.  The  bench-mark  is  in  line  with  west  side  of 
clock  tower. 

98-  F    In  stone  plinth-course  of  front  (or  south)  wall  of  Grand  Trunk  station-house  at  Waterloo,  14  feet 

from  southeast  corner  of  building. 

99-  F    In  east  (or  King  street)  wall  of  Waterloo  post  office,  4  feet  below  water-table  and  11  feet  north  of 

north  wall  of  clock  tower. 

100-  F    In  third  course  below  coping,  in  northeast  face  of  northwest  retaining  wall  of  small  stone  arch 

culvert  under  Grand  Trunk  railway,  3  miles  east  of  Petersburg  and  1,800  feet  east  of  mile 
post  66  from  Toronto. 

101-  F    In  east  face  of  stone  coping  on  north  end  of  brick  arch  culvert  under  Grand  Trunk  railway,  1  mile 

east  of  Baden  and  100  feet  west  of  a  highway  crossing. 

102-  F    In  second  course  of  stonework  below  water-table  course,  in  front  (or  north)  wall  of  Xew  Hamburg 

public  library,  8  feet  from  northwest  corner  of  building. 

103-  F    In  west  face  of  concrete  coping  on  southwest  brick  retaining  wall  of  Grand  Trunk  railway  bridge 

over  Nith  river,  \  mile  west  of  New  Hamburg. 

104-  F    In  third  course  below  coping,  in  west  end  of  south  face  of  square  stone  culvert  under  Grand  Trunk 

railway,  2  miles  east  of  Shakespeare  and  at  mileage  79-6  from  Toronto. 

105-  F    In  side  of  concrete  bench-mark  pier,  7  feet  north  of  south  line  of  Grand  Trunk  railway  right  of  way, 

?}{  miles  east  of  Stratford,  450  feet  east  of  a  highway  crossing  and  583  feet  east  of  mile  post  85 
^  from  Toronto. 

106-  F    In  first  course  of  stonework  above  concrete  platform,  in  front  (or  south)  wall  of  Grand  Trunk 

station-house  at  Stratford,  27  feet  west  of  west  wall  of  ticket  office. 

107-  F    In  stone  plinth-course  of  westerly  wall  of  Stratford  city  hall,  21  feet  north  of  centre  line  of  Wellington 

street  entrance. 

108-  F    In  second  course  of  stonework  below  coping,  in  east  face  of  southeast  retaining  w^all  of  small  plate- 

girder  bridge  on  Grand  Trunk  railway,  f  mile  west  of  Stratford  station. 

109-  F    In  south  end  of  west  face — 2  feet  10  inches  below  top — of  concrete  retaining  wall  behind  cast  stone 

abutment  of  plate-girder  bridge  on  Grand  Trunk  railway,  2\  miles  west  of  St.  Pauls  and  at 
mileage  95-8  from  Toronto. 

110-  F    In  stone  plinth-course  of  front  (or  east)  wall  of  Grand  Trunk  station-house  at  St.  Marys,  16  feet 

north  of  north  wall  of  ticket  office. 

111-  F    In  east  face — 10  inches  below  top — of  southeast  stone  and  concrete  retaining  wall  of  long  plate- 

girder  bridge  over  north  branch  of  Thames  river,  on  main  line  of  Grand  Trunk  railway,  1 
mile  west  of  St.  Marys  Junction. 

112-  F    In  south  face — 6  inches  below  top — of  stone  and  concrete  retaining  wall  behind  west  abutment  of 

plate-girder  bridge  over  Fish  creek,  2  miles  east  of  Granton  and  at  mileage  105-7  from 
Toronto. 

113-  F    In  east  end  of  north  face — 9  inches  below  top — of  large  square  concrete  culvert  under  Grand  Trunk 

railway,  If  miles  west  of  Granton  and  at  mileage  109-45  from  Toronto. 

llo-F-2  In  side  of  concrete  bench-mark  pier,  8  feet  north  of  south  line  of  Grand  Trunk  railway  right  of 
way,  2  miles  east  of  Lucan  and  at  mileage  111-65  from  Toronto — 200  feet  west  of  a  whistle- 
post  to  the  east  of  crossing  of  road  allowance  between  concessions  VI  and  VII,  township  of 
Biddulph. 

114-  F    In  the  first  course  of  stonework  below  coping,  in  east  end  of  north  face  of  square  stone  (double) 

culvert  under  Grand  Trunk  railway,  f  mile  east  of  Lucan  and  140  feet  west  of  mile  post  113 
from  Toronto. 

337  In  third  course  of  stonework  above  ground,  in  west  face — 11  feet  from  north  end — of  northeast  wing 
wall  of  Grand  Trunk  railway  subway  at  Lucan  Crossing. 
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BENCH-MARKS  BETWEEN  GUELPH  JUNCTION  AND  PALMERSTON,  ONT., 
VIA  GRAND  TRUNK  RAILWAY. 

Elevations  on  page  37 . 

Note.— These  descriptions  are  written  with  the  assumption  that  the  railway  runs  in  a  north- 
westerly dfa-ection  from  Guelph  Junction  to  Palmerston,  except  between  Elora  and  Fergus, 
where  the  direction  is  northeasterly. 

115-  F    In  northeast  face — 5  inches  below  top — on  concrete  block  forming  foundation  for  semaphore  pulley, 

8  feet  northeast  of  centre  line  of  Grand  Trunk  railway  track  and  16  feet  northwest  of  first 
(or  home)  semaphore  northwest  of  diamond  crossing  of  Canadian  Pacific  railway,  2f  miles 
northwest  of  Guelph  Junction. 

116-  F    In  northeast  (or  inner)  face — 5  feet  6  inches  from  southeast  end — of  coping  on  southwest  face-wall 

of  large  stone  arch  culvert  under  Grand  Trunk  railway,  4§  miles  southeast  of  Elora  and  at 
mileage  35-8  from  Harrisburg. 

117-  F    In  first  course  of  stonework  below  water-table  course,  in  east  wall  of  Elora  post  office,  9  feet  north  of 

north  wall  of  clock  tower. 

118-  F    In  northeast  face  of  stone  coping  on  north  retaining  wall  of  Grand  Trunk  railway  bridge  over  Grand 

river  at  mileage  42-1  from  Harrisburg — between  Elora  and  Fergus.    (See  note  above 
regarding  direction  of  railway  at  this  point). 

119-  F   In  first  course  of  stonework  below  water-table  course,  in  south  wall  of  Fergus  post  office,  8  feet  west 

of  west  wall  of  clock  tower. 

120~F  In  west  end  of  north  face  of  square  concrete  culvert  under  Canadian  Pacific  railway,  beside  a  public 
highway,  140  feet  northeast  of  diamond  crossing  of  Grand  Trunk  and  Canadian  Pacific 
railways  at  Fergus. 

121-  F   In  second  course  of  stonework  below  top,  in  northeast  end  of  southeast  face  of  northwest  abutment 

of  deck-truss  bridge  on  Grand  Trunk  railway,  2f  miles  southeast  of  Alma  and  at  mileage  46-3 
from  Harrisburg. 

122-  F   In  side  of  concrete  bench-mark  pier,  15  feet  southwest  of  northeast  line  of  Grand  Trunk  railway 

right  of  way,  25  feet  northwest  of  a  farm  crossing,  2f  miles  northwest  of  Alma  and  800  feet^ 
southeast  of  mile  post  52  from  Harrisburg. 

123-  F    In  top  course  of  stonework,  in  southwest  end  of  northwest  face  of  southeast  abutment  of  deck-truss 

bridge  over  Conestoga  river,  5  mile  southeast  of  Drayton. 

124-  F   In  southwest  end  of  northwest  face — 40  inches  below  top — of  concrete  retaining  wall  behind  south- 

east abutment  of  plate-girder  bridge  on  Grand  Trunk  railway,  |  mile  northwest  of  Moore- 
field. 

305  In  second  course  of  stonework  above  ground,  in  west  face  of  pilaster  at  southwest  corner  of  porch  at 
entrance  to  public  library  at  Palmerston. 


BENCH-MARKS  BETWEEN  FERGUS  AND  MELVILLE,  ONT., 
VIA  CANADIAN  PACIFIC  RAILWAY. 

Elevations  on  page  37. 

Note. — These  descriptions  are  written  with  the  assumption  that  the  railway  runs  in  an  easterly 
direction  from  Fergus  to  Cataract  and  thence  northerly  to  Melville;  beyond  Melville  the 
Toronto-Owen  Sound  line  is  assumed  to  lie  east-west. 

125-F    In  centre  of  south  face  of  square  concrete  culvert  under  Canadian  Pacific  railway,  j  mile  west  of 
Spier  flag-station  and  at  mileage  20-9  from  Cataract. 

.12&-F    In  west  end  of  south  face — 11  inches  below  top — of  small  concrete  arch  culvert  under  Canadian 
Pacific  railway,  2  miles  east  of  Belwood  and  at  mileage  15-7  from  Cataract. 

127-  F    In  centre  of  north  face  of  square  concrete  culvert  under  Canadian  Pacific  railway,  11  miles  east  of 

Orton  and  at  mileage  11-6  from  Cataract. 

128-  F    In  east  end  of  south  face  of  square  concrete  (double)  culvert  under  Canadian  Pacific  railway,  I  mile 

west  of  Hillsburgh  and  at  mileage  8-6  from  Cataract. 

129-  F    In  west  end  of  south  face— 9  inches  below  top — of  south  face-wall  of  triangular  concrete  (do  ble) 

culvert  under  Canadian  Pacific  railway,  f  mile  west  of  Erin  and  at  mileage  5-3  from 
Cataract. 

130-  F    In  side  of  concrete  bench-mark  pier,  9  feet  north  of  south  line  of  Canadian  Pacific  railway  right  o 

way,  J  mile  west  of  Cataract  and  60  feet  east  of  intersection  of  railway  track  with  east  line  of 
a  public  highway — the  road  allowance  between  concessions  IV  and  V  west,  township  of 
Caledon. 


Precise  Levelling 


17 


131-  F    In  east  face — 5  inches  below  top — of  concrete  retaining  wall  behind  south  abutment  of  plate-girder 

bridge  on  Canadian  Pacific  railway,  0-4  mile  north  of  Alton  and  at  mileage  30-1  from  Streets- 
ville  Junction. 

132-  F    In  north  face — 6  inches  below  top — of  concrete  retaining  wall  behind  east  abutment  of  plate-girder 

bridge  over  Credit  river,  j  mile  west  of  Melville  and  at  mileage  19-4  from  Bolton. 

Note. — This  bridge  replaces  the  trestle  bridge  containing  bench-mark  266,  on  the 
Toronto-Owen  Sound  line.    Bench-mark  266  has  consequently  been  destroyed. 

265  In  southeast  face  of  square  concrete  culvert  running  diagonally  under  Canadian  Pacific  railway — at 
a  highway  crossing — 3^  miles  east  of  Melville  (or  1  mile  west  of  Caledon)  and  at  mileage  15  -5 
from  Bolton. 


BENCH-MARKS  AT  PORT  DALHOUSIE  AND  PORT  COLBORNE,  ONT. 
Elevations  on  page  38. 

133-  F   In  northeast  bevelled  corner — 14  inches  below  top — of  concrete  retaining  wall  behind  south  abut- 

ment of  plate-girder  approach  at  south  end  of  swing-bridge  by  which  Welland  branch  of 
Grand  Trunk  railway  crosses  Welland  canal,  If  miles  south  of  Port  Dalhousie. 

134-  F   In  first  course  of  stonework  above  bridge  seat,  in  north  end  of  west  face  of  retaining  wall  behind 

east  abutment  of  swing  (highway)  bridge  over  Welland  Canal  at  Port  Dalhousie — immedia- 
tely south  of  lock  No.  1. 

135-  F    In  first  course  of  stonework  above  concrete  sidewalk,  in  south  wall  of  Imperial  Bank  at  Port  Col- 

borne,  16  feet  from  southwest  corner  of  building. 

136-  F   In  top  course  of  stonework,  in  circular  stone  foundation  of  municipal  water-tower  at  Port  Colborne. 

The  bench-mark  faces  east. 

137-  F    In  east  wall  of  Maple  Leaf  Milling  company's  flour  mill  at  Port  Colborne — a  solid  concrete  building 

at  west  side  of  harbour.  The  bench-mark  is  1  foot  above  concrete  floor  of  wharf,  in  base 
of  fifth  pilaster  south  of  doorway  of  dynamo  room. 

BENCH-MARKS  BETWEEN  FRANZ  AND  PORT  ARTHUR,  ONT.,  VIA  CANADIAN  PACIFIC 

RAILWAY. 

Elevations  on  page  39. 

709  In  east  face  of  large  cube-shaped  boulder,  50  feet  north  of  Canadian  Pacific  railway  track,  3  miles 

west  of  Franz  and  between  sixteenth  and  seventeenth  telegraph  poles  west  of  mile  post  86 
from  Chapleau — immediately  east  of  a  small  sand  hill. 

710  In  south  face  of  concrete  retaining  wall  behind  east  abutment — 3  feet  6  inches  above  bridge  seat — 

of  three-span  plate-girder  bridge  over  Magpie  lake,  6f  miles  west  of  Franz  and  at  mileage 
90  1  from  Chapleau. 

711  In  vertical  rock  exposure  facing  north,  parallel  to  and  50  feet  south  of  Canadian  Pacific  railway 

track,  21  miles  east  of  Grasett  and  between  second  and  third  telegraph  poles  east  of  mile 
post  93  from  Chapleau.  The  bench-mark  is  10  feet  west  of  a  similar  exposure  facing  west — 
at  east  side  af  a  large  swamp. 

712  In  north  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 28  inches  above  bridge 

seat — of  plate-girder  bridge  on  Canadian  Pacific  railway,  §  mile  west  of  Grasett  and  at  mile- 
age 95-85  from  Chapleau. 

713  In  north  face  of  large  mass  of  rock,  80  feet  south  of  Canadian  Pacific  railway  track,  500  feet  east  of 

westerly  switch  of  Ryerson  passing-track  and  at  mileage  99-6  from  Chapleau. 

714  In  west  face  of  vertical  rock  exposure,  40  feet  north  of  Canadian  Pacific  railway  track — at  west 

end  of  a  small  rock  cut — between  third  and  fourth  telegraph  poles  west  of  mile  post  103  from 
Chapleau. 

715  In  south  face  of  boulder,  55  feet  north  of  Canadian  Pacific  railway  track,  210  feet  west  of  Tripoli 

west  mile-board  and  70  feet  west  of  a  stone-arch  culvert  at  mile  post  106  from  Chapleau. 

716  In  south  face  of  rock  exposure — 45  feet  south  of  Canadian  Pacific  railway  track  and  near  rail  level — 

2f  miles  east  of  Amyot  and  25  feet  west  of  first  telegraph  pole  west  of  mile  post  109  from 
Chapleau;  this  is  opposite  centre  of  a  small  borrow  pit  on  north  side  of  track. 

717  In  south  face  of  vertical  rock  surface,  60  feet  north  of  Canadian  Pacific  railway  track — at  south 

side  of  rocky  hill  facing  Negwazu  lake — f  mile  west  of  Amyot  and  at  mileage  112-5  from 
Chapleau.  The  bench-mark  is  350  feet  west  of  point  where  shore  line  of  lake  diverges 
from  direction  of  track  at  an  angle  of  about  45°. 

718  In  west  face  of  southwest  retaining  wall — 10  inches  below  top — 'of  square  concrete  culvert  under 

Canadian  Pacific  railway,  at  mile  post  115  from  Chapleau. 
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719  In  south  end  of  east  face  of  concrete  retaining  wall  behind  west  abutment  of  plate-girder  bridge 

on  Canadian  Pacific  railway,  at  mileage  117-7  from  Chapleau. 

720  In  east  face  of  granite  boulder — 10  feet  by  8  feet — 190  feet  north  of  Canadian  Pacific  railway  track 

and  at  fifth  telegraph  pole  east  of  mile  post  121  from  Chapleau.  This  boulder  is  100  feet 
east  of  a  large  prominent  mass  of  gray  rock  which  is  slightly  farther  from  the  track. 

721  In  third  course  of  stonework  below  coping,  in  north  face — 6  feet  from  east  end — of  northeast  retain- 

ing wall  of  combination  stone-arch  and  plate-girder  bridge  on  Canadian  Pacific  railway, 
7i  miles  east  of  White  River  station  and  at  mileage  124-6  from  Chapleau. 

722  In  north  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 4  feet  7  inches  above 

bridge  seat — of  one-span  plate-girder  over  White  river,  21  miles  east  of  White  River  station 
and  at  mileage  129-1  from  Chapleau. 

723  In  north  concrete  wall  of  Canadian  Pacific  roundhouse  at  White  River — 1  foot  below  window  sills — 

in  north  face  of  pilaster  at  northeast  corner  of  rectangular  concrete  extension  (containing 
three  engine-stalls)  on  north  side  of  main  building. 

723-A    In  front  (or  south)  concrete  foundation  wall — 4  feet  below  woodwork  and  20  feet  east  of  main 
entrance — of  White  River  public  school. 

724  In  north  face  of  wedge-shaped  boulder,50  feet  south  of  centre  line  between  tracks  of  Canadian  Pacific 

railway  and  between  second  and  third  telegraph  poles  east  of  mile  post  3  from  White  River. 

725  In  south  face  of  large  square  boulder,  80  feet  north  of  centre  line  between  tracks  of  Canadian  Pacific 

railway  and  at  third  telegraph  pole  west  of  mile  post  6  from  White  River. 

726  In  north  side  of  rock  cut  on  Canadian  Pacific  railway,  at  sixth  telegraph  pole  west  of  mile  post 

9  from  White  River. 

727  In  south  face — 9  inches  below  top — of  concrete  retaining  wall  behind  west  abutment  of  two-span 

plate-girder  bridge  over  White  river,  at  mileage  12-2  from  White  River. 

728  In  north  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 30  inches  above  bridge 

seat — of  two-span  plate-girder  bridge  over  Bremner  river,  at  mileage  15-3  from  White 
River. 

729  In  west  face  of  south  face-wall — 5  inches  below  top — of  square  concrete  culvert  under  Canadian 

Pacific  railway,  at  mileage  19-1  from  White  River. 

730  In  south  face  of  boulder  on  top  of  low  sandy  bank  immediately  north  of  Canadian  Pacific  railway 

track,  at  thirteenth  telegraph  pole  west  of  mile  post  21  from  White  River — 40  feet  east  of 
easterly  switch  of  a  cross-over. 

731  In  first  course  of  stonework  below  coping,  in  southeast  face  of  southwest  wing-wall  of  stone-arch 

culvert  under  Canadian  Pacific  railway,  at  mileage  23-4  from  Wliite  River. 

732  In  south  end  of  east  face  of  concrete  retaining  wall  behind  west  abutment — 33  inches  above  bridge 

seat — of  five  -span  plate-girder  bridge  over  White  river,  at  mileage  24  -6  from  W'hite  River. 

733  In  west  end  of  south  face  of  square  concrete  culvert  under  Canadian  Pacific  railway  at  mile  post 

28  from  White  River. 

734  In  east  face  of  gray  granite  boulder,  65  feet  south  of  Canadian  Pacific  railway  track  and  between 

ninth  and  tenth  telegraph  poles  west  of  mile  post  31  from  White  River — behind  the  centre 
of  a  small  clay  and  rock  cut  about  400  feet  west  of  point  where  an  arm  of  a  lake  touches 
south  side  of  right  of  way. 

735  In  north  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 28  inches  above  bridge 

seat — of  plate-girder  bridge  over  Cedar  river,  at  mileage  33-9  from  White  River. 

736  In  south  face  of  exposed  rock  surface,  45  feet  north  of  Canadian  Pacific  railway  track,  2.§  miles 

east  of  Hemlo  and  at  mile  post  37  from  White  River — on  top  of  west  bank  of  an  inlet  which 
the  railway  has  cut  off  from  a  small  lake. 

737  In  southeast  face  of  exposed  rock  surface,  50  feet  north  of  Canadian  Pacific  railway  track,  -J  mile 

west  of  Hemlo  and  at  fifth  telegraph  pole  west  of  mile  post  40  from  White  River — at  east  end 
of  a  small  rock  cut. 

738  In  top  course  of  stonework,  in  southwest  face  of  southwest  retaining  wall  of  stone-arch  culvert 

under  Canadian  Pacific  railway  at  mileage  42-6  from  White  River. 

739  In  east  face  of  small  white  boulder,  30  feet  north  of  Canadian  Pacific  railway  track  and  130  feet 

east  of  a  concrete  tile  culvert  at  mileage  46-1  from  White  River. 

740  In  east  face  of  stone  coping  on  southeast  retaining  wall  of  steel  ti'uss  and  plate-girder  bridge  over 

Black  river,  at  mileage  50-3  from  White  River, 
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741  In  west  end  of  south  face  of  square  concrete  culvert  under  Canadian  Pacific  railway,  3^  miles  east 

of  Heron  Bay  and  at  mile  post  52  from  White  River. 

742  In  south  face — 34  inches  below  top  and  11  inches  from  east  end — of  southwest  concrete  retaining 

wall  of  long  steel  bridge  over  Pic  river,  |  mile  east  of  Heron  Bay. 

742-A   In  north  face  of  exposed  rock  surface,  85  feet  south  of  centre  line  between  tracks  of  Canadian  Pacific 
railway  and  400  feet  east  of  Heron  Bay  station. 

743  In  south  side  of  small  rock  cut  on  sharp  curve  on  Canadian  Pacific  railway — near  west  end  of  cut — 

2f  miles  west  of  Heron  Bay  and  at  second  telegraph  pole  west  of  mile  post  58  from  White 
River. 

744  In  south  face  of  exposed  rock  surface,  85  feet  north  of  centre  line  between  tracks  of  Canadian  Pacific 

railway,  300  feet  west  of  a  whistle-post  (for  a  large  rock  cut)  for  westbound  trains  and  between 
tenth  and  eleventh  telegraph  poles  west  of  mile  post  61  from  White  River. 

745  In  south  face  of  smooth  clean-cut  rock  exposure  in  side  of  sand  bank,  60  feet  north  of  Canadian 

Pacific  railway  track,  0-4  mile  west  of  Peninsula  and  60  feet  east  of  mile  post  64  from  White 
River. 

746  In  east  face  of  vertical  rock  surface,  40  feet  south  of  Canadian  Pacific  railway  track,  230  feet  west 

of  westerly  switch  of  Angler  passing-track  and  at  second  telegraph  pole  west  of  mile  post 
67  from  White  River. 

747  In  south  face  of  exposed  rock  surface,  45  feet  north  of  Canadian  Pacific  railway  track,  4^  miles 

east  of  Coldwell  and  at  second  telegraph  pole  west  of  mile  post  70  from  White  River. 

748  In  east  face — 8  inches  below  top — of  concrete  retaining  wall  at  south  side  of  Canadian  Pacific 

railway  track,  Ij  miles  east  of  Coldwell,  170  feet  west  of  a  watchman's  cabin  and  between 
first  and  second  telegraph  poles  west  of  mile  post  73  from  White  River. 

749  In  south  face  of  large  red  boulder,  150  feet  north  of  Canadian  Pacific  railway  track,  1-6  miles  west 

of  Coldwell  and  100  feet  east  of  mile  post  76  from  White  River. 

Note. — Owing  to  the  danger  of  this  boulder  being  afTected  by  frost,  the  elevation  of  this 
bench  mark  must  be  considered  unreliable. 

750  In  vertical  rock  exposure  facing  south,  100  feet  north  of  Canadian  Pacific  railway  track,  265  feet 

east  of  Neys  west  mile-board,  370  feet  east  of  a  whistle-post  for  westbound  trains  and  at 
mileage  78-9  from  White  River. 

751  In  south  face  of  large  boulder,  120  feet  north  of  Canadian  Pacific  railway  track,  f  mile  east  of 

Middleton  and  at  first  telegraph  pole  east  of  mile  post  82  from  White  River. 

752  In  south  face  of  large  broken  mass  of  rock,  50  feet  north  of  Canadian  Pacific  railway  track,  440  feet 

east  of  a  whistle-post  for  eastbound  trains  and  at  first  telegraph  pole  east  of  mile  post  85 
from  White  River — at  the  base  of  a  steep  hill  of  rock  through  which  the  railway  cuts. 

753  In  south  face  of  outcrop  of  rock — 20  feet  north  of  Canadian  Pacific  railway  track  and  2  feet  below  rail 

level — 485  feet  east  of  a  whistle-post  for  eastbound  trains  and  20  feet  west  of  mile  post  88  from 
White  River. 

754  In  vertical  rock  exposure  facing  south,  30  feet  south  of  Canadian  Pacific  railway  track  and  between 

second  and  third  telegraph  poles  west  of  mile  post  91  from  White  River — behind  east  end  of 
a  short,  deep,  sharply  curved  rock  cut. 

755  In  east  end  of  north  face  of  square  concrete  culvert  under  Canadian  Pacific  railway  at  mile  post 

94  from  White  River — between  two  large  rock  cuts. 

756  In  south  face  of  exposed  rock  surface,  50  feet  north  of  Canadian  Pacific  railway  track,  2\  miles  east 

of  Jackfish,  120  feet  east  of  westerly  switch  of  Santoy  passing-track  and  between  second  and 
third  telegraph  poles  west  of  mile  post  97  from  White  River. 

757  In  north  side  of  long  rock  cut  on  Canadian  Pacific  railway,  540  feet  west  of  a  whistle-post  for  west- 

bound trains,  |  mile  west  of  Jackfish  and  at  mileage  100-2  from  W'hite  River. 

758  In  north  face  of  exposed  rock  surface,  100  feet  south  of  Canadian  Pacific  railway  track,  3§  miles 

west  of  Jackfish  and  between  first  and  second  telegraph  poles  east  of  mile  post  103  from  White 
River — opposite  a  watchman's  cabin  situated  at  west  end  of  a  large  rock  cut. 

759  In  west  face  of  exposed  rock  surface — at  west  end  of  a  rock  cut — 40  feet  north  of  Canadian  Pacific 

railway  track  and  at  mileage  105-9  from  White  River. 

760  In  north  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 2  feet  above  bridge 

seat — of  steel  truss  bridge  over  Black  river,  at  mileage  110-5  from  White  River. 

761  In  south  face  of  boulder  in  side  of  gravelly  bank,  75  feet  north  of  Canadian  Pacific  railway  track 

and  at  second  telegraph  pole  east  of  mile  post  114  from  White  River— within  the  limits  of 
Blue  jay  passing-track. 
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762  In  southeast  face  of  vertical  rock  surface — slightly  above  rail  level — at  the  base  of  a  rocky  hill 

about  75  feet  north  of  Canadian  Pacific  railway  track,  2  miles  east  of  Schreiber  and  at  mile- 
age 116-4  from  White  River. 

763  In  south  concrete  wall  of  Canadian  Pacific  roundhouse  at  Schreiber — 20  inches  below  window  sills — 

in  south  face  of  pilaster  at  southeast  corner  of  rectangular  concrete  extension  (  containing 
three  engine-stalls)  on  south  side  of  main  building. 

764  In  west  face  of  southeast  retaining  wall  of  concrete  subway  under  Canadian  Pacific  railway  at 

west  end  of  Schreiber  station  grounds.  The  bench-mark  is  2  feet  above  roadway  and  3  feet, 
8  inches  from  south  end  of  retaining  wall. 

765  In  east  face  of  exposed  rock  surface — slightly  below  rail  level — 30  feet  north  of  Canadian  Pacific 

railway  track  and  at  second  telegraph  pole  east  of  mile  post  3  from  Schreiber. 

766  In  north  side  of  rock  cut  on  Canadian  Pacific  railway  520  feet  west  of  Horn  west  mile-board,  300 

feet  east  of  a  rail-stand  and  35  feet  east  of  mile-post  6  from  Schreiber. 

767  In  south  face  of  vertical  rock  surface  on  east  side  of  rocky  hill,  80  feet  north  of  centre  line  between 

tracks  of  Canadian  Pacific  railway  and  70  feet  west  of  mile  post  10  from  Schreiber.  The 
bench-mark  is  opposite  west  end  of  a  straight  fill  about  200  yards  in  length. 

768  In  southwest  face  of  large  flat  outcrop  or  rock,  60  feet  north  of  centre  line  between  tracks  of  Canadian 

Pacific  railway,  1|  miles  east  of  Rossport  and  between  first  and  second  telegraph  poles  west 
of  mile  post  13  from  Schreiber. 

769  In  south  side  of  rock  cut  on  Canadian  Pacific  railway — near  west  end  of  cut  and  at  rail  level — 

1|  miles  west  of  Rossport  and  at  fifth  telegraph  pole  west  of  mile  post  16  from  Schreiber. 

770  In  south  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 30  inches  above 

bridge  seat — of  plate-girder  bridge  on  Canadian  Pacific  railway  (eastbound  track  only), 
4§  miles  west  of  Rossport  and  at  mileage  18 '86  from  Schreiber. 

771  In  east  end  of  north  face — 6  inches  below  top — of  square  concrete  culvert  under  Canadian  Pacific 

railway,  at  mile  post  22  from  Schreiber,  within  the  limits  of  Pays  Plat  passing-track. 

772  In  vertical  rock  exposure  facing  east,  110  feet  north  of  Canadian  Pacific  railway  track,  500  feet 

west  of  a  whistle-post  for  westbound  trains  and  100  feet  east  of  mile  post  25  from  Schreiber. 

773  In  west  end  of  north  face  of  small  square  concrete  culvert  under  Canadian  Pacific  railway  at  fifth 

telegraph  pole  east  of  mile  post  28  from  Schreiber. 

774  In  west  face  of  boulder  in  side  of  gravelly  bank,  30  feet  north  of  centre  line  between  tracks  of 

Canadian  Pacific  railway  and  190  feet  east  of  mile  post  31  from  Schreiber. 

775  In  south  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 29  inches  above  bridge 

seat — of  plate-girder  bridge  on  Canadian  Pacific  railway,  f  mile  west  of  Gravel  and  at 
mileage  33-6  from  Schreiber. 

776  In  east  end  of  north  face  of  coping  on  north  end  of  concrete  arch  culvert  under  Canadian  Pacific 

railway,  at  second  telegraph  pole  west  of  mile  post  38  from  Schreiber. 

777  In  north  face  of  large  flat  outcrop  of  rock,  40  feet  north  of  Canadian  Pacific  railway  track,  115  feet 

east  of  Gurney  west  mile-board  and  180  feet  west  of  mile  post  41  from  Schreiber. 

778  In  south  face  of  large  flat  outcrop  of  rock,  40  feet  north  of  Canadian  Pacific  railway  track— at  the 

head  of  a  short  steep  grade — between  twelfth  and  thirteenth  telegraph  poles  west  of  mile  post 
44  from  Schreiber. 

779  In  south  face — 6  inches  below  top — of  concrete  retaining  wall  behind  east  abutment — of  through- 

truss  bridge  over  Jackpine  river,  \  mile  east  of  Kama  and  at  mileage  46 -4  from  Schreiber. 

780  In  south  face  of  vertical  bank  of  red  rock — about  120  feet  long  and  15  feet  high — 30  feet  north  of 

Canadian  Pacific  railway  track,  60  feet  east  of  a  whistle-post  for  westbound  trains,  2  miles 
west  of  Kama  and  at  mileage  48-7  from  Schreiber. 

781  In  north  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 20  inches  above  bridge 

seat — of  small  plate-girder  bridge  on  Canadian  Pacific  railway  at  mileage  50-73  from 
Schreiber  and  at  east  end  of  Ozone  passing- track. 

782  In  north  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 29  inches  above  bridge 

seat — of  plate-girder  bridge  on  Canadian  Pacific  railway.  If  miles  east  of  Fire  Hill  and  at 
mileage  53  -  53  from  Schreiber. 

783  In  east  end  of  north  face  of  square  concrete  culvert  under  Canadian  Pacific  railway,  l\  miles  west 

of  Fire  Hill  and  at  mileage  56-5  from  Schreiber. 

784  In  north  side  of  long  rock  cut  on  Canadian  Pacific  railway — 90  feet  from  east  end  of  cut  and  at  rail 

level — 31  miles  east  of  Nipigon  and  at  second  telegraph  pole  east  of  mile  post  60  from  Schrei- 
ber. 
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785  In  second  course  of  stonework  above  bridge  seat,  in  east  face  of  northwest  retaining  wall  of  Canadian 

Pacific  railway  bridge  over  Nipigon  river  and  Canadian  Northern  railway,  \  mile  east  of 
Nipigon. 

786  In  north  end  of  west  face  of  east  abutment  of  square  concrete  culvert  under  Canadian  Pacific 

railway,  If  miles  west  of  Nipigon  and  at  mileage  65-1  from  Schreiber. 

787  In  north  side  of  rock  cut  on  Canadian  Pacific  railway — 30  feet  from  east  end  of  cut — 240  feet  east 

of  a  whistle-post  for  eastbound  trains  and  at  mileage  67-8  from  Schreiber;  this  is  opposite 
a  point  on  Canadian  Northern  railway  at  fifth  telegraph  pole  west  of  mile  post  82  from 
Jellicoe. 

788  In  second  course  of  stonework  above  bridge  seat,  in  north  end  of  west  face  of  retaining  wall  behind 

east  abutment  of  plate-girder  bridge  on  Canadian  Pacific  railway,  at  mileage  70-5  from 
Schreiber. 

789  In  south  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 30  inches  above  bridge 

seat — of  steel-truss  and  plate-girder  bridge  over  Black  Sturgeon  river,  l  \  miles  east  of  Coglin 
and  at  mileage  73  •  9  from  Schreiber. 

790  In  first  course  of  stonework  above  bridge  seat,  in  south  end  of  west  face  of  retaining  wall  behind 

east  abutment  of  plate-girder  bridge  on  Canadian  Pacific  railway,  1  mile  west  of  Coglin 
and  at  mileage  76-45  from  Schreiber;  this  is  opposite  a  point  on  Canadian  Northern  railway 
at  first  telegraph  pole  east  of  mile  post  91  from  Jellicoe. 

791  In  top  course  of  stonework,  in  north  face  of  west  abutment  of  square  culvert  under  Canadian  Pacific 

railway,  300  feet  east  of  Hurkett  station  and  immediately  west  of  a  water  tank. 

792  In  south  end  of  west  face  of  stone  and  concrete  retaining  wall  behind  east  abutment — 27  inches  above 

bridge  seat — of  through-truss  bridge  over  Wolf  river,  2  miles  east  of  Dorion  and  at  mileage 
83-16  from  Schreiber. 

793  In  first  course  below  coping,  in  west  end  of  north  face  of  square  stone  culvert  under  Canadian 

Pacific  railway,  f  mile  west  of  Dorion  and  at  second  telegraph  pole  east  of  mile  post  86  from 
Schreiber. 

794  In  first  course  below  coping,  in  west  end  of  south  face  of  square  stone  culvert  under  Canadian  Pacific 

railway,  \  mile  west  of  Ouimet  and  at  mileage  89-15  from  Schreiber. 

795  In  vertical  rock  exposure  facing  north,  35  feet  south  of  Canadian  Pacific  railway  track,  500  feet 

west  of  westerly  switch  of  Bowker  passing-track  and  at  second  telegraph  pole  east  of  mile 
post  93  from  Schreiber. 

796  In  second  course  of  stonework  above  bridge  seat,  in  south  end  of  east  face  of  retaining  wall  behind 

west  abutment  of  plate-girder  bridge  over  Pearl  river,  immediately  west  of  Pearl  station. 

797  In  southwest  face  of  boulder,  120  feet  south  of  Canadian  Pacific  railway  track,  700  feet  west  of  a 

whistle-post  for  eastbound  trains  and  at  third  telegraph  pole  east  of  mile  post  99  from 
Schreiber. 

798  In  northwest  face  of  small  boulder  embedded  in  ground,  beside  ditch  at  south  side  of  Canadian 

Pacific  railway  track,  290  feet  east  of  order-board  at  Loon  station. 

799  In  second  course  of  stonework  above  bridge  seat,  in  south  end  of  west  face  of  retaining  wall  behind 

east  abutment  of  plate-gii-der  bridge  on  Canadian  Pacific  railway,  at  mileage  105-9  from 
Schreiber. 

800  In  second  course  of  stonework  above  bridge  seat,  in  south  end  of  east  face  of  retaining  wall  behind 

west  abutment  of  plate-girder  bridge  on  Canadian  Pacific  railway,  at  east  end  of  Beck 
passing-track  and  at  mileage  107-9  from  Schreiber. 

801  In  second  course  of  stonework  above  bridge  seat,  in  south  end  of  east  face  of  retaining  wall  behind 

west  abutment  of  plate-girder  bridge  on  Canadian  Pacific  railway,  at  mileage  110-6  from 
Schreiber. 

802  In  second  course  of  stonework  above  bridge  seat,  in  south  end  of  west  face  of  retaining  wall  behind 

east  abutment  of  plate-girder  bridge  on  Canadian  Pacific  railway,  I  mile  east  of  Mackenzie 
and  at  mileage  113-2  from  Schreiber. 

803  Destroyed. 

804  In  vertical  rock  exposure  facing  west,  60  feet  north  of  Canadian  Pacific  railway  track,  0-4  mile  east 

of  Navilus  and  60  feet  west  of  mile  post  120  from  Schreiber — at  the  east  end  of  a  rock  cut. 

805  Destroyed. 

806  In  south  face — 13  inches  below  top — Of  southeast  concrete  retaining  wall  of  Canadian  Pacific  railway 

bridge  over  Current  river,  2  miles  east  of  Fort  Arthur. 

93-E   In  second  course  of  stonework  below  brickwork,  in  north  end  of  front  (or  west)  wall  of  Canadian 
Northern  station-house,  Port  Arthur. 

41807-4i 
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BENCH-MARKS  BETWEEN  JASPER,  ALTA.  AND  LOOS,  B.C.,  VIA  GRAND  TRUNK 

PACIFIC  RAILWAY. 

Elevations  on  -page  4I. 

105-  H    In  side  of  concrete  bench-mark  pier,  49  feet  north  of  Grand  Trunk  Pacific  railway  track,  2f  miles 

west  of  Jasper  and  110  feet  east  of  mile  post  1030  from  Winnipeg — opposite  a  point  on  Canadian 
Northern  railway  between  tenth  and  eleventh  telegraph  poles  west  of  mile  post  109  from 
Tollerton. 

106-  H    In  north  side  of  rock  cut  on  Grand  Trunk  Pacific  railway — near  rail  level — 5f  miles  west  of  Jasper 

and  33  feet  west  of  mile  post  1033  from  Winnipeg. 
* 

107-  H    In  south  end  of  east  face  of  concrete  retaining  wall  behind  west  abutment — 4  feet  4  inches  above 

bridge  seat — of  steel-truss  bridge  over  Miette  river,  |  mile  east  of  Geikie  and  at  mileage 
1035-2  from  Winnipeg. 

108-  H    In  north  side  of  rock  cut  on  Grand  Trunk  Pacific  railway — near  centre  of  cut  and  slightly  below  rail 

level — 460  feet  west  of  bridge  over  Miette  river  and  65  feet  east  of  fourth  telegraph  pole  east 
of  mile  post  1039  from  Winnipeg. 

109-  H    In  north  side  of  rock  cut  on  Grand  Trunk  Pacific  railway — 65  feet  from  west  end  of  cut — U  miles 

east  of  Alberta-British  Columbia  boundary  and  at  mile  post  1043  from  Winnipeg. 

110-  H    In  north  side  of  short  deep  rock  cut  on  Grand  Trunk  Pacific  railway — 135  feet  from  east  end  of  cut 

and  4  feet  above  rail  level — 1  mile  west  of  Yellowhead  and  10  feet  west  of  first  telegraph  pole 
east  of  mile  post  1046  from  Winnipeg. 

111-  H    In  concrete  foundation — 6  inches  below  woodwork  and  directly  beneath  the  spout — of  Grand  Trunk 

Pacific  water  tank  at  Lucerne. 

112-  H    In  north  end  of  west  face  of  concrete  block  on  top  of  most  easterly  pier  of  plate-girder  bridge  on 

Canadian  Northern  railway,  2\  miles  west  of  Lucerne  and  opposite  a  point  on  Grand  Trunk 
Pacific  railway  at  mileage  1051-5  from  Winnipeg.  The  bench-mark  is  9  feet  below  rail 
level. 

113-  H    In  south  end  of  east  face  of  concrete  retaining  wall  behind  west  abutment — 14  inches  above  bridge 

seat — of  Grand  Trunk  Pacific  railway  bridge  over  Grant  brook,  f  mile  east  of  Grant  Brook 
station  and  at  mileage  1058-4  from  Winnipeg. 

114-  H    In  north  end  of  east  face  of  concrete  retaining  wall  behind  west  abutment — 4  feet  6  inches  above 

bridge  seat — of  Grand  Trunk  Pacific  railway  bridge  over  Moose  river,  2  miles  west  of  Grant 
Brook  station  and  at  mileage  1061-2  from  Winnipeg. 

115-  H    In  north  side  of  rock  cut  on  Grand  Trunk  Pacific  and  Canadian  Northern  railways — 100  feet  from 

east  end  of  cut  and  near  rail  level — 110  feet  east  of  Rainbow  east  (C.N.R.)  mile  board,  85 
feet  west  of  G.T.P.  mile  post  1064  from  Winnipeg  and  between  third  and  fourth  telegraph 
poles  east  of  C.N.R.  mile  post  15  from  Lucerne. 

116-  H   In  side  of  concrete  bench-mark  pier,  45  feet  north  of  Grand  Trunk  Pacific  railway  track,  2f  miles 

west  of  Rainbow  and  56  feet  east  of  fifth  telegraph  pole  east  of  mile  post  1068  from  Winnipeg 
— also  between  tenth  and  eleventh  poles  east  of  C.N.R.  mile  post  19  from  Lucerne. 

117-  H    In  north  face — 7  feet  below  top  and  11  feet  6  inches  from  east  end — of  northeast  concrete  retaining 

wall  of  Canadian  Northern  railway  bridge  over  Fraser  river,  1^  miles  east  of  Resplendent 
and  at  mileage  22-2  from  Lucerne — opposite  a  point  on  Grand  Trunk  Pacific  railway  at 
mileage  1071-5  from  Winnipeg. 

118-  H    In  south  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 4  feet  6  inches  above 

bridge  seat — of  Grand  Trunk  Pacific  railway  bridge  over  Fraser  river,  \  mile  west  of 
Resplendent  and  at  mileage  1073  -6  from  Winnipeg. 

119-  H    In  south  end  of  east  face  of  concrete  retaining  wall  behind  west  abutment — 6  feet  5  inches  above 

bridge  seat — of  plate-girder  bridge  on  Grand  Trunk  Pacific  railway,  Ij  miles  east  of  Mount 
Robson  station  and  at  mile  post  1078  from  Winnipeg. 

120-  H    In  north  face  of  large  broken  mass  of  rock,  immediately  south  of  Grand  Trunk  Pacific  railway 

track  at  twelfth  telegraph  pole  west  of  mile  post  1082  from  Winnipeg.  This  is  directly 
behind  a  guide-post  indicating  mount  Robson  and  is  140  feet  east  of  east  end  of  a  lookout 
platform  3  miles  west  of  Mount  Robson  station. 

121-  H    In  south  side  of  rock  cut  on  Grand  Trunk  Pacific  railway — near  centre  of  cut  and  at  rail  level — f 

mile  east  of  Swiftwater  and  at  seventh  telegraph  pole  east  of  mile  post  1085  from  Winnipeg. 

122-  H    In  east  face — 40  inches  below  top — of  concrete  retaining  wall  at  north  side  of  Grand  Trunk  Pacific 

railway  track,  65  feet  west  of  easterly  whistle-post  for  Albreda  and  at  mileage  1088-4  from 
Winnipeg. 


Precise  Levelling 


23 


123-  H    In  south  side  of  long  rock  cut  on  Grand  Trunk  Pacific  railway,  2  miles  west  of  Albreda  and  20  feet 

east  of  mile  post  1091  from  Winnipeg — this  mile  post  being  the  sixth  pole  west  of  a  small 
tunnel.  The  bench-mark  is  also  52  feet  east  of  east  end  of  the  farthest  west  of  three  concrete 
retaining  walls  at  north  side  of  track. 

124-  H    In  south  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 6  feet  above  bridge  seat 

— of  three-span  plate-girder  bridge  over  McLennan  river,  2\  miles  east  of  Tete  Jaune  and  at 
mileage  1093-7  from  Winnipeg. 

125-  H    In  south  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 4  feet  9  inches  above 

bridge  seat — of  through-truss  bridge  on  Grand  Trunk  Pacific  railway,  \  mile  east  of  Shere 
and  at  mileage  1100-7  from  Winnipeg. 

126-  H   In  side  of  concrete  bench-mark  pier,  42  feet  south  of  Grand  Trunk  Pacific  railway  track,  625  feet 

east  of  easterly  switch  of  Croydon  passing-track  and  between  first  and  second  telegraph  poles 
west  of  mile  post  1108  from  Winnipeg. 

127-  H    In  northwest  face — 13  inches  below  top — of  northeasterly  concrete  footing  under  Grand  Trunk 

Pacific  (steel)  water-tank  at  Dunster. 

128-  H    In  side  of  concrete  bench-mark  pier,  33  feet  north  of  Grand  Trunk  Pacific  railway  track,  2-4  miles 

east  of  Raush  Valley  and  16  feet  west  of  mile  post  1120  from  Winnipeg. 

129-  H    In  south  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 7  feet  4  inches  above 

bridge  seat — of  long  steel  trestle  bridge  over  Raushuswap  river,  \\  miles  west  of  Raush 
Valley  and  at  mile  post  1124  from  Winnipeg. 

130-  H    In  south  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 4  feet  3  inches  above 

bridge  seat — of  through-truss  bridge  on  Grand  Trunk  Pacific  railway,  1  mile  east  of  Eddy 
and  at  mile  post  1127  from  Winnipeg. 

131-  H    In  Grand  Trunk  Pacific  roundhouse  at  McBride,  in  northwest  concrete  foundation  wall  (wall 

facing  station) — 10  inches  below  brickwork  and  3  feet  7  inches  from  north  corner — of  one- 
room  extension  to  main  building. 

132-  H    In  south  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 4  feet  6  inches  above 

bridge  seat — of  through-truss  bridge  on  Grand  Trunk  Pacific  railway,  2\  miles  west  of 
McBride  and  at  mileage  1137-2  from  Winnipeg. 

133-  H    In  side  of  concrete  bench-mark  pier,  27  feet  north  of  Grand  Trunk  Pacific  railway  track,  3,440  feet 

feet  east  of  east  end  of  a  trestle  bridge  at  mileage  1142-6  from  Winnipeg  and  16  feet  west  of 
second  telegraph  pole  east  of  mile  post  1142. 

134-  H    In  north  side  of  small  rock  cut  on  Grand  Trunk  Pacific  railway — 60  feet  from  east  end  of  cut — \ 

mile  west  of  Legrand  and  between  thirteenth  and  fourteenth  telegraph  poles  west  of  mile 
post  1148  from  Winnipeg. 

135-  H    In  north  face  of  southeast  concrete  retaining  wall  of  tunnel  on  Grand  Trunk  Pacific  railway,  3| 

miles  east  of  Rider  and  at  mileage  1152-8  from  Winnipeg.  The  bench-mark  is  10  inches 
above  rail  level  and  64  feet  east  of  head-wall  at  eastern  portal  of  tunnel. 

136-  H    In  south  side  of  rock  cut  on  Grand  Trunk  Pacific  railway — 100  feet  from  west  end  of  cut  and  6  inches 

above  rail  level — 935  feet  east  of  easterly  whistle-post  for  Rider  and  at  mileage  1155-5  from 
Winnipeg. 

137-  H    In  south  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 2  feet  above  bridge  seat 

—of  two-span  truss  bridge  over  Goat  river,  2  miles  east  of  Rooney  and  at  mileage  1160-5 
from  Winnipeg. 

138-  H    In  southwest  face — 11  inches  below  top — of  southwesterly  concrete  footing  under  Grand  Trunk 

Pacific  (steel)  water-tank  at  Rooney. 

139-  H    In  top  of  concrete  bench-mark  pier,  45  feet  south  of  Grand  Trunk  Pacific  railway  track,  1,480  feet 

west  of  west  end  of  trestle  bridge  at  mileage  1169-4  from  Winnipeg  and  between  seventh  and 
eighth  telegraph  poles  east  of  mile  post  1170 — \\  miles  east  of  Loos. 

BENCH-MARKS  BETWEEN  ABBOTSFORD  AND  RESPLENDENT,  B.C.,  VIA  CANADIAN 
PACIFIC   RAILWAY  TO   MATSQUI   AND   CANADIAN  NORTHERN 
RAILWAY  TO  RESPLENDENT. 

Elevations  on  page  4^. 

Note.— These  descriptions  are  written  with  the  assumption  that  the  railway  runs  in  a  northerly 
direction  from  Abbotsford  to  Matsqui,  thence  easterly  to  Hope,  thence  northerly  to  Ashcroft, 
thence  easterly  to  Kamloops  Junction,  thence  northerly  to  Jackman  and  thence  easterly  to 
Resplendent. 

28-J  In  east  concrete  foundation  wall — 6  inches  below  concrete  blocks  and  9  feet,  4  inches  from  south 
(or  front)  wall— of  Glazeley's  Block  at  Abbotsford,  a  concrete-block  structure  on  the  north 
side  of  the  main  street  and  on  west  side  of  first  street  west  of  Canadian  Pacific  railway. 
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29- J   In  north  face  of  concrete  base  of  pilaster  at  northeast  corner  of  British  Columbia  Electric  Railway 

company's  Matsqui  substation — in  the  village  of  Clayburn, 

30-  J   In  south  concrete  foundation  wall — 3  feet,    9  inches  below  woodwork  and  2  feet  from  southeast 

corner — of  signal  tower  at  diamond  crossing  of  Canadian  Pacific  and  Canadian  Northern 
railways  near  Matsqui. 

31-  J   In  west  face  of  hill  of  rock  through  which  is  the  first  rock  cut  east  of  Matsqui  on  Canadian 

Northern  railway.  The  bench-mark  is  6  or  8  feet  above  and  about  50  feet  south  of 
track,  1225  feet  west  of  Sumas  west  mile-board  and  at  mileage  84-45  from  Boston  Bar. 

32- J   In  north  face  of  exposed  mass  of  smooth  rock  in  side  of  steep  clay  bank  cut  away  by  Canadian 

Northern  railway,  1350  feet  east  of  mile  post  80  from  Boston  Bar  and  15  feet  south  of  track. 

33- J   In  south  face  of  outcrop  of  rock,  8  feet  north  of  north  line  of  Canadian  Northern  railway  right-of-way 

— at  the  base  of  a  rocky  hill  just  west  of  a  curve  in  the  railway — about  mileage  75-75  from 
Boston  Bar. 

34- J   In  south  concrete  foundation  wall — 5  feet  6  inches  from  south-east  corner — of  municipal  hall  at 

Chilliwack,  immediately  north  of  Canadian  Northern  railway. 

35^   In  concrete  foundation  of  side  (or  west)  wall  of  Chilliwack  post  office,  10  feet  from  front  wall  of 
building  and  immediately  below  stonework. 

36- J   In  south  face  of  boulder  partly  buried  in  ditch,  14  feet  north  of  south  line  of  Canadian  Northern 

railway  right  of  way,  185  feet  east  of  a  highway  crossing  and  0-6  mile  east  of  Rosedale. 

37-  J   In  south  side  of  rock  cut  on  Canadian  Northern  railway — 1  foot  above  rail  level  and  near  centre 

of  cut — 330  feet  east  of  a  bridge  over  a  stream  and  at  mileage  58-7  from  Boston  Bar. 

38-  J   In  north  face  of  exposed  rock  surface,  35  feet  south  of  south  line  of  Canadian  Northern  railway 

right  of  way  and  at  south  side  of  main  road  to  Hope.  The  bench-mark  is  860  feet  east 
of  point  where  this  road  crosses  the  railway  and  is  at  mileage  56-25  from  Boston  Bar. 

39-  J   In  south  side  of  deep  rock  cut  on  Canadian  Northern  railway — 70  feet  from  east  end  of  cut — 670 

feet  east  of  the  crossing  of  a  road  leading  to  a  cemetery,  790  feet  east  of  Cheam  View  east 
mile-board  and  at  mileage  52-8  from  Boston  Bar. 

40- J   In  side  of  concrete  bench-mark  pier,  3  feet  north  of  south  line  of  Canadian  Northern  railway  right 

of  way,  30  feet  west  of  a  gate  in  the  fence,  900  feet  west  of  a  bridge  over  a  stream  and  between 
fourth  and  fifth  telegraph  poles  west  of  mile  post  47  from  Boston  Bar. 

41- J   In  east  face  of  boulder  lying  on  south  line  of  Canadian  Northern  railway  right  of  way,  immediately 

west  of  a  small  stream  at  mileage  45-6  from  Boston  Bar. 

42- J   In  west  face  of  exposed  rock  surface — 6  feet  above  and  36  feet  south  of  Canadian  Northern  railway 

track — at  west  entrance  of  a  large  rock  cut  (the  first  one  east  of  a  long  trestle  bridge),  f 
mile  west  of  Hope. 

43-  J   in  north  end  of  west  face  of  concrete  retaining  wall  behind  east  abutment — 3  feet  8  inches  above 

bridge  seat — of  Kettle  Valley  railway  bridge  over  Fraser  river  at  Hope. 


Direction,  Hope  to  Ashcroft— Nortli. 

44- J   In  west  face  of  exposed  rock  surface,  37  feet  east  of  Canadian  Northern  railway  track,  2\  miles  north 

of  Hope  and  between  fourth  and  fifth  telegraph  poles  north  of  mile  post  38  from  Boston  Bar — 
directly  behind  concrete  inflow  of  a  timber  culvert. 

45-  J   In  west  face  of  mass  of  rock,  75  feet  east  of  Canadian  Northern  railway  track,  2,200  feet  south  of 

a  bridge  over  a  stream  and  between  twelfth  and  thirteenth  telegraph  poles  south  of  mile 
post  33  from  Boston  Bar — at  south  end  of  a  steep  shaley  bank  lying  along  east  side  of  track. 
The  bench-mark  is  marked  by  a  white  cross  painted  on  a  large  fir  tree  growing  beside 
the  rock. 

46-  J   In  south  face  of  vertical  rock  surface,  40  feet  west  of  Canadian  Northern  railway  track,  870  feet 

south  of  a  bridge  over  a  small  stream  and  at  mileage  29-5  from  Boston  Bar — at  the  south 
entrance  of  a  small  rock  cut. 

47-  J   In  south  face  of  mass  of  rock,  37  feet  east  of  Canadian  Northern  railway  track,  2  miles  north  of 

Yale  and  at  mileage  24-8  from  Boston  Bar. 

48-  J   In  west  face — 7  inches  below  top  and  18  inches  from  south  end — of  concrete  retaining  wall  at  west 

side  of  Canadian  Northern  railway  track  at  mileage  21-5  from  Boston  Bar — at  northerly 
portal  of  the  "  twin  tunnels  ". 

49-  J    In  south  face  of  mass  of  rock,  13  feet  west  of  Canadian  Northern  railway  track  and  nearly  at  rail 

level,  5  feet  north  of  northerly  switch  of  Stout  passing  track  and  180  feet  north  of  mile  post 
18  from  Boston  Bar. 
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50-  J   In  west  face — 4  feet  below  top  and  7  feet  from  south  end — of  northwest  concrete  retaining  wall  of 

Canadian  Northern  railway  bridge  at  mileage  lC-7  from  Boston  Bar.  This  is  a  plate- 
girder  bridge  supported  at  the  centre  by  a  steel  trestle  tower. 

51-  J   In  south  face  of  exposed  rock  surface,  53  feet  east  of  Canadian  Northern  railway  track  and  at  rail 

level,  1,380  feet  south  of  southerly  switch  of  Chapman  passing-track  and  between  sixth 
and  seventh  telegraph  poles  south  of  mile  post  13  from  Boston  Bar — at  south  end  of  a  deep 
rock  cut. 

52-  J    In  south  face  of  large  rounded  mass  of  rock,  50  feet  west  of  Canadian  Northern  railway  track, 

180  feet  north  of  a  rail-stand  and  120  feet  south  of  mile  post  10  from  Boston  Bar. 

53-  J   In  east  end  of  south  face  of  concrete  retaining  wall  behind  north  abutment  of  open  culvert  under 

Canadian  Northern  railway,  at  mileage  6-7  from  Boston  Bar  and  about  \  mile  north  of 
Hell  Gate  tunnel. 

54-  J   In  side  of  concrete  bench-mark  pier,  8  feet  west  of  east  line  of  Canadian  Northern  railway  right 

of  way,  60  feet  south  of  an  eight-foot  jog  in  the  right  of  way  fence  and  90  feet  north  of  mile 
post  3  from  Boston  Bar. 

55-  J   In  west  end  of  south  face  of  concrete  retaining  wall  behind  north  abutment — 4  feet  6  inches  above 

bridge  seat — of  long  steel  trestle  bridge  over  Anderson  river,  2  miles  south  of  Boston  Bar. 

56- J   In  east  end  of  south  face  of  concrete  retaining  wall  behind  north  abutment — 6  feet  2  inches  above 

bridge  seat — of  long  steel  trestle  bridge  on  Canadian  Northern  railway,  2  miles  north  of 
Boston  Bar  and  at  mileage  123-7  from  Kamloops  Junction. 

57-  J   In  west  end  of  south  face  of  concrete  retaining  wall  behind  north  abutment — 4  feet  3  inches  above 

bridge  seat — of  long  steel  trestle  bridge  on  Canadian  Northern  railway,  at  mileage  120-1 
from  Kamloops  Junction  and  at  southern  portal  of  first  tunnel  south  of  Boothroyd  passing- 
track. 

58-  J   In  south  face  of  small  boulder,  7  feet  east  of  east  line  of  Canadian  Northern  railway  right  of  way, 

150  feet  north  of  Inkitsaph  flag-station  and  at  mileage  114-8  from  Kamloops  Junction. 

59- J   In  west  face  of  large  boulder  partly  buried  in  hillside,  3  feet  below  and  42  feet  east  of  Canadian 

Northern  railway  track,  |  mile  south  of  Falls  Creek  station  and  130  feet  south  of  mile  post 
111  from  Kamloops  Junction — 460  feet  north  of  a  flume  carrying  a  stream  under  track. 

60-  J   In  west  end  of  south  face  of  concrete  retaining  wall  behind  north  abutment — 4  feet  8  inches  above 

bridge  seat — of  one-span  plate-girder  bridge  on  Canadian  Northern  railway,  at  mileage 
107-35  from  Kamloops  Junction. 

61-  J   In  east  face — 3  feet  below  top — of  concrete  retaining  wall  behind  north  abutment  of  long  steel  arch 

bridge  over  Fraser  river  and  Canadian  Pacific  railway,  5f  miles  south  of  Lytton. 

62-  J   In  south  face  of  concrete  retaining  wall  behind  south  abutment  of  Canadian  Northern  railway 

bridge  over  Fraser  river,  ^  mile  south  of  Lytton,  The  bench-mark  is  22  inches  below 
top  of  retaining  wall  and  11  feet  6  inches  west  of  centre  line  of  track. 

63-  J   In  east  face — 3  feet  below  top  and  5  feet  4  inches  from  north  face — of  southeast  concrete  retaining 

wall  of  Canadian  Northern  railway  bridge  over  Thompson  river,  ^  mile  north  of  Lytton. 

64- J   In  east  face  of  rough  pyramid-shaped  mass  of  rock,  25  feet  west  of  Canadian  Northern  railway 

track,  i  mile  north  of  a  tunnel,  800  feet  south  of  Gossett  section  house  and  between  third 
and  fourth  telegraph  poles  south  of  mile   post  91  from  Kamloops  Junction. 

65- J   In  west  face  of  large  mass  of  rock,  55  feet  east  of  centre  line  of  Canadian  Northern  railway  track  and 

near  mile  post  88  from  Kamloops  Junction. 

66-  J   In  south  face  of  steep  hill  of  rock  at  southern  portal  of  a  tunnel,  the  farthest  north  of  three  tunnels 

which  are  within  a  short  distance  of  one  another.  The  bench-mark  is  25  feet  east  of  Canadian 
Northern  railway  track  and  110  feet  north  of  Skoonka  south  mile-board. 

67-  J   In  side  of  concrete  bench-mark  pier,  28  feet  east  of  Canadian  Northern  railway  track,  130  feet 

south  of  a  road  crossing,  700  feet  south  of  a  trestle  bridge  and  f  mile  south  of  Spence  Bridge 
station. 

68-  J   In  south  face — 22  inches  below  top — of  concrete  tombstone  projecting  about  3  feet  above  ground, 

50  feet  east  of  Canadian  Northern  railway  track,  350  feet  north  of  order-board  at  Spence 
Bridge  station  and  670  feet  north  of  highway  bridge  over  Thompson  river. 

69- J   In  south  face  of  large  rounded  boulder,  40  feet  east  of  Canadian  Northern  railway  track,  350  feet 

south  of  a  wooden  culvert,  3 1  miles  north  of  Spence  Bridge  and  at  mileage  71  -  6  from  Kamloop 
Junction. 

70- J   In  east  face  of  outcrop  of  rock  at  foot  of  mountain  range,  8  feet  west  of  west  line  of  Canadian  Northern 

railway  right  of  way,  650  feet  south  of  first  tunnel  north  of  Martel  passing-track  and  1,500 
feet  north  of  mile  post  68  from  Kamloops  Junction. 
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71-  J    In  south  end  of  west  face — 22  inches  below  top — of  southwest  concrete  retaining  wall  of  Canadian 

Northern  railway  bridge  over  Thompson  river,  1  mile  south  of  Basque  and  at  mileage 
59-7  from  Kamloops  Junction. 

72-  J   In  centre  of  west  face  of  west  concrete  face-wall  of  tile  culvert  under  Canadian  Pacific  railway  at 

twenty-third  telegraph  pole  south  of  C.P.R.  mile  post  54  from  Kamloops,  opposite  a  point 
on  Canadian  Northern  railway  400  feet  south  of  mile  post  57  from  Kamloops  Junction. 

73-  J    In  south  face — 2  feet  below  top  and  2  feet  from  east  end — of  concrete  retaining  wall  behind  north 

abutment  of  Canadian  Northern  Railway  bridge  over  Thompson  river  at  mile  post  55  from 
Kamloops  Junction,  at  the  southern  portal  of  a  long  curved  tunnel. 

74- J   In  east  face  of  large  triangular  boulder,  37  feet  west  of  west  line  of  Canadian  Northern  railway 

right  of  way,  1?  miles  south  of  Ashcroft  and  at  seventh  telegraph  pole  south  of  mile  post 
50  from  Kamloops  Junction. 


Direction,  Aslicroft  to  Kamloops  Junction— East. 

75-  J   In  north  face — 22  inches  below  top  and  7  feet,  2  inches  from  east  end — of  northeast  concrete  retaining 

wall  of  Canadian  Northern  railway  bridge  over  Thompson  river,  \\  miles  east  of  Ashcroft 
and  at  mileage  47-3  from  Kamloops  Junction. 

76-  J   In  north  end  of  west  face — 1  foot  below  top — of  concrete  retaining  wall  behind  east  abutment  of 

of  Canadian  Northern  railway  bridge  over  Thompson  river,  3  miles  east  of  Ashcroft  and  at 
mileage  45-8  from  Kamloops  Junction. 

77-  J   In  east  face  of  exposed  rock  surface,  50  feet  south  of  Canadian  Northern  railway  track,  1,200  feet 

east  of  easterly  switch  of  McAbee  passing-track  and  at  mileage  40-4  from  Kamloops  Junction 
— immediately  west  of  a  short,  deep  rock  cut. 

78-  J    In  east  face — 1  foot  below  top — of  coping  on  north  concrete  abutment  of  two  span  steel  highway 

bridge  over  Thompson  river,  2\  miles  west  of  Walhachin. 

79-  J   In  west  face  of  concrete  retaining  wall  behind  west  abutment  of  Canadian  Northern  railway  bridge 

over  Thompson  river,  1^  miles  west  of  Walhachin  and  at  mileage  34-1  from  Kamloops  Junc- 
tion. The  bench-mark  is  20  inches  below  top  of  retaining  wall  and  12  feet,  9  inches  north  of 
centre  line  of  track. 

80-  J   In  south  end  of  east  face  of  concrete  retaining  wall  behind  west  abutment — 4  feet,  6  inches  above 

bridge  seat — of  Canadian  Northern  railway  bridge  over  Thompson  river,  3j  miles  west  of 
e    Savona  and  at  mileage  28-9  from  Kamloops  Junction. 

81-  J    In  side  of  concrete  bench-mark  pier,  3  feet  south  of  north  line  of  Canadian  Northern  railway  right 

of  way,  1,200  feet  west  of  Savona  station  and  530  feet  west  of  crossing  of  road  leading  to 
bridge  over  Thompson  river. 

82-  J   In  south  face  of  exposed  rock  surface,  29  feet  north  of  Canadian  Northern  railway  track  and  at  rail 

level,  1,800  feet  west  of  a  small  wooden  culvert  and  65  feet  west  of  mile  post  23  from  Kam- 
loops Junction. 

83-  J   In  west  face  of  rock  cliff,  100  feet  south  of  Canadian  Northern  railway  track  and  about  1  foot  above 

rail  level — at  western  portal  of  tunnel — 150  feet  east  of  easterly  switch  of  Copper  Creek 
passing-track. 

84-  J    In  east  face  of  hill  of  rock,  31  feet  south  of  the  east  end  of  a  rock  cut  on  Canadian  Northern  railway 

and  1,500  feet  east  of  mile  post  16  from  Kamloops  Junction. 

85-  J   In  west  face  of  rock  cliff — 105  feet  south  of  Canadian  Northern  railway  track  and  about  4  feet 

below  rail  level — at  western  portal  of  2,800-foot  tunnel  at  mileage  10-5  from  Kamloops 
Junction. 

86-  J   In  south  face  of  rocky  hill  lying  immediately  north  of  a  public  road  250  feet  north  of  Canadian 

Northern  railway,  at  a  point  opposite  tenth  telegraph  pole  east  of  mile  post  4  from 
Kamloops  Junction. 

87-  J   In  east  face  of  concrete  coping  on  most  easterly  pier  of  Canadian  Northern  railway  bridge  over 

North  Thompson  river  at  Kamloops  Junction.  The  bench-mark  is  9  inches  below  top  of 
coping  and  directly  in  line  with  southerly  plate-girder. 


Direction,  Kamioops  Junction  to  Jaclcinan— Nortli. 

88-  J    In  west  face  of  exposed  rock  surface,  35  feet  west  of  east  line  of  Canadian  Northern  railway,  4^  miles 

north  of  Kamloops  Junction,  460  feet  north  of  mile  post  135  from  Blue  river  and  230  feet 
north  of  point  where  power  line  wires  cross  from  east  to  west  side  of  track. 

89-  J    In  northwest  face  of  exposed  rock  surface  on  hillside,  slightly  above  and  50  feet  east  of  Canadian 

Northern  railway  track,  3  miles  south  of  Vinsulla  and  1,050  feet  north  of  mile  post  128  from 
Blue  river — at  north  end  of  a  deep  rock  and  clay  cut. 
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90-  J   In  northeast  face  of  large  boulder  partly  buried  in  hillside,  800  feet  east  of  east  line  of  Canadian 

Northern  railway  right  of  way,  2\  miles  north  of  Vinsulla  and  at  mileage  122-4  from  Blue 
river.  This  boulder  lies  about  20  feet  south  of  a  fence  which  runs  east  from  a  point  100 
yards  east  of  the  railway. 

91-  J   In  top  of  concrete  bench-mark  pier,  4  feet  west  of  east  line  of  Canadian  Northern  railway  right  of 

way,  2  miles  south  of  McLure  and  20  feet  north  of  a  private  crossing  at  mileage  118-5  from 
Blue  river. 

92-  J   In  east  face  of  mass  of  rock,  12  feet  west  of  Canadian  Northern  railway  track  and  near  centre  of  a 

sharp  curve — facing  a  steep  gravelly  bank — between  third  and  fourth  telegraph  poles  south 
of  mile  post  113  from  Blue  river. 

93-  J   In  north  face  of  exposed  rock  surface — 18  feet  east  of  Canadian  Northern  railway  track  and  at  the 

north  end  of  a  rock  cut — 2^  miles  south  of  Louis  Creek  station  and  between  fourth  and 
fifth  telegraph  poles  north  of  mile  post  110  from  Blue  river. 

94-  J   In  west  face  of  exposed  rock  surface — 15  feet  east  of  Canadian  Northern  railway  track  and  at  the 

south  end  of  a  deep  clay  cut — 1\  miles  north  of  Louis  Creek  station  and  140  feet  north  of  mile 
post  106  from  Blue  river. 

95-  J   In  southwest  face  of  large  boulder,  25  feet  east  of  east  line  of  Canadian  Northern  railway  right  of 

way,  600  feet  south  of  a  private  crossing,  \\  miles  north  of  Barriere  and  at  sixth  telegraph  pole 
south  of  mile  post  103  from  Blue  river. 

96- J   In  west  face  of  boulder,  15  feet  east  of  Canadian  Northern  railway  track,  If  miles  south  of  Chinook 

Cove  and  between  fourth  and  fifth  telegraph  poles  north  of  mile  post  100  from  Blue  river. 

97-  nJ   In  west  face  of  boulder,  30  feet  east  of  centre  line  of  road  lying  parallel  to  and  about  400  feet  east  of 

Canadian  Northern  railway,  2i  miles  north  of  Chinook  Cove  and  opposite  a  point  between 
fifth  and  sixth  telegraph  poles  north  of  mile  post  96  from  Blue  river. 

98-  J   In  southwest  face  of  large  boulder,  25  feet  west  of  west  line  of  Canadian  Northern  railway  right 

of  way  and  80  feet  north  of  second  crossing  (0-4  mile)  north  of  Chu  Chua. 

99-  J   In  west  face  of  vertical  rock  clifT,  30  feet  east  of  Canadian  Northern  railway  track — on  a  sharp 

curve — \\  miles  south  of  Mount  Olie  station  and  at  third  telegraph  pole  south  of  mile  post  87 
from  Blue  river. 

100-  J   In  west  face — 50  feet  from  south  end — of  outcrop  of  rock  occurring  in  east  side  of  long  curved  rock  and 

clay  cut  on  Canadian  Northern  railway,  2\  miles  north  of  Mount  Olie  station  and  at  mileage 
83-5  from  Blue  river. 

101-  J   In  east  side  of  rock  cut  on  Canadian  Northern  railway — near  centre  of  cut — 2\  miles  north  of 

boulder  and  between  third  and  fourth  telegraph  poles  south  of  mile  post  80  from  Blue  river. 

102-  J   In  west  face  of  outcrop  of  rock  occurring  in  east  side  of  short  clay  cut  on  Canadian  Northern  railway, 

1,400  feet  south  of  a  whistle  post  for  northbound  trains,  2  miles  south  of  Blackpool  and 
between  seventh  and  eight  telegraph  poles  north  of  mile  post  76  from  Blue  river. 

103-  J   In  west  face  of  exposed  rock  surface  on  east  side  of  Canadian  Northern  railway  track — near  centre 

of  a  long  clay  bank — at  second  telegraph  pole  south  of  mile  post  72  from  Bule  river. 

104-  J   In  east  side  of  rock  cut  on  Canadian  Northern  railway — near  centre  of  cut — at  fourth  telegraph 

pole  north  of  mile  post  69  from  Blue  river. 

105-  J  Destroyed. 

106- J   In  east  face — 8  inches  below  top — of  concrete  footing  under  Canadian  Northern  water-tank  at  Birch 

Island.  The  footing  referred  to  is  the  southeasterly  one  of  the  four  footings  inside  chamber 
beneath  tank. 

107-  J   In  east  face  of  exposed  rock  surface — 47  feet  west  of  Canadian  Northern  railway  track  and  near  rail 

level — 365  feet  north  of  two  whistle  posts  (one  for  northbound  and  one  for  southbound  trains), 
31  miles  north  of  Birch  Island  and  between  sixth  and  seventh  telegraph  poles  south  of  mile 
post  58  from  Blue  river. 

108-  J   In  east  face  of  concrete  pier  (built  originally  for  astronomical  observations),  7  feet  west  of  west  line 

of  Canadian  Northern  railway  right  of  way,  55  feet  south  of  a  private  crossing,  2^  miles  south 
of  Vavenby  and  at  mileage  55-5  from  Blue  river. 

109-  J   In  west  face  of  large  boulder,  50  feet  east  of  Canadian  Northern  railway  track  and  directly  beneath 

telegraph  wires,  1  mile  north  of  Vavenby  and  between  second  and  third  telegraph  poles 
south  of  mile  post  52  from  Blue  river. 

110-  J   In  west  face  of  white  boulder,  25  feet  east  of  Canadian  Northern  railway  track — immediately 

behind  a  rail  stand  on  a  sharp  curve — If  miles  south  of  Irvine  and  between  first  and  second 
telegraph  poles  north  of  mile  post  49  from  Blue  river. 

lU-J   In  concrete  foundation — 8  inches  below  woodwork  and  2  feet  to  the  left  of  the  spout — of  Canadian 
Northern  water-tank  at  Irvine. 
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112-  J   In  west  face  of  exposed  rock  surface — 15  feet  east  of  Canadian  Northern  railway  track  and  1  foot 

above  rail  level — ^  mile  north  of  bridge  over  North  Thompson  river  above  Irvine  and 
between  eleventh  and  twelfth  telegraph  poles  south  of  mile  post  43  from  Blue  river. 

113-  J   In  north  face  of  boulder,  20  feet  west  of  Canadian  Northern  railway  track,  105  feet  north  of  a  whistle 

post  for  northbound  trains  and  at  eighth  telegraph  pole  north  of  mile  post  40  from  Blue 
river. 

114-  J   In  east  side  of  rock  cut  on  Canadian  Northern  railway — 50  feet  from  north  end  of  cut — f  mile  north 

of  McMurphy  and  at  mileage  36-6  from  Blue  river. 

115- J   In  southwest  face  of  boulder,  55  feet  east  of  Canadian  Northern  railway  track,  580  feet  north  of 

a  whistle  post  for  northbound  trains  and  at  mileage  32-7  from  Blue  river. 

116-  J  Destroyed. 

117- J   In  west  side  of  rock  cut  on  Canadian  Northern  railway — near  centre  of  cut — 2\  miles  north  of  Avola 

and  at  mileage  22-45  from  Blue  river, 

118-  J   In  east  face  of  vertical  rock  surface,  22  feet  west  of  Canadian  Northern  railway  main  line  track, 

150  feet  north  of  southerly  switch  of  Cottonwood  Flats  passing- track  and  between  first  and 
second  telegraph  poles  north  of  mile  post  19  from  Blue  river. 

119-  J   In  west  side  of  rock  cut  on  Canadian  Northern  railway — 100  feet  from  north  end  of  cut  and  at  rail 

level — 885  feet  south  of  a  whistle  post  for  northbound  trains,  970  feet  south  of  a  whistle  post 
for  southbound  trains  and  between  fifth  and  sixth  telegraph  poles  south  of  mile  post  16  from 
Blue  river. 

120-  J   In  north  face — 2  feet  below  top — of  stone  and  concrete  retaining  wall  at  east  side  of  Canadian 

Northern  railway  track  at  mileage  13-1  from  Blue  river — immediately  north  of  first  bridge 
above  Messiter. 

121- J   In  west  side  of  rock  cut  on  Canadian  Northern  railway — near  centre  of  cut — 3|  miles  north  of 

Messiter,  170  feet  north  of  a  rail-stand  and  80  feet  south  of  mile  post  10  from  Blue  river. 

122-  J   In  west  side  of  rock  cut  on  Canadian  Northern  railway — near  centre  of  cut — 530  feet  north  of  Wolfen- 

den  north  mile  board  and  400  feet  south  of  mile  post  7  from  Blue  river. 

123- J   In  south  face  of  mass  of  rock  on  hillside,  45  feet  west  of  Canadian  Northern  railway  track  at  mile 

post  4  from  Blue  river. 

124-  J   In  west  concrete  foundation — 6  inches  below  woodwork  and  directly  beneath  the  spout — of  Canadian 

Northern  water-tank  at  Blue  river. 

125-  J   In  west  concrete  foundation  wall — 9  inches  below  woodwork  and  5  feet,  6  inches  from  northwest 

corner — of  Canadian  Northern  roundhouse  at  Blue  river. 

126-  J   In  east  face  of  flat  white  boulder,  80  feet  west  of  Canadian  Northern  railway  track,  l\  miles  north 

of  Blue  River  station,  210  feet  south  of  "Yard  Limit"  post  and  at  tenth  telegraph  pole  south 
of  mile  post  109  from  Lucerne. 

127-  J   In  east  face  of  exposed  rock  surface — 30  feet  west  of  Canadian  Northern  railway  track  and  at  rail 

level — at  thirteenth  telegraph  pole  south  of  mile  post  104  from  Lucerne. 

128-  J   In  east  face  of  concrete  retaining  wall  behind  south  abutment  of  Canadian  Northern  railway  bridge 

over  North  Thompson  river,  f  mile  south  of  Thunder  River  station  and  at  mileage  101-4 
from  Lucerne.  The  bench-mark  is  3  feet,  10  inches  above  bridge  seat  and  2  feet  west  of 
easterly  girder. 

129-  J   In  west  face  of  smooth  gray  rock  exposure,  immediately  east  of  Canadian  Northern  railway  track 

and  50  feet  north  of  a  cascade  on  east  side  of  track,  at  mileage  97-5  from  Lucerne. 

130-  J   In  east  side  of  rock  cut  on  Canadian  Northern  railway — at  deepest  point  of  cut — 215  feet  north  of 

mile  post  95  from  Lucerne  and  at  a  point  where  railway  grade  touches  bank  of  North  Thomp- 
son river. 

131-  J   In  east  side  of  rock  cut  on  Canadian  Northern  railway — 100  feet  from  north  end  of  cut — at  mileage 

92-2  from  Lucerne;  this  is  the  first  rock  cut     mile)  north  of  Pyramid. 

132-  J   In  west  face  of  flat  boulder,  50  feet  east  of  Canadian  Northern  railway  track — at  rail  level — 175 

feet  south  of  bridge  at  mileage  88-6  from  Lucerne. 

133-  J   In  east  side  of  rock  cut  on  Canadian  Northern  railway — near  north  end  of  cut — 380  feet  south  of  a 

whistle-post  for  northbound  trains,  1,100  feet  south  of  Lempriere  south  mile-board  and  at 
mileage  85-8  from  Lucerne. 

134-  J   In  east  side  of  rock  cut  on  Canadian  Northern  railway — near  north  end  of  cut — 2  miles  north  of 

Lempriere  and  at  eleventh  telegraph  pole  north  of  mile  post  83  from  Lucerne. 

135-  J   In  east  side  of  boulder,  35  feet  west  of  Canadian  Northern  railway  track — near  north  end  of  large 

gravelly  cut — at  fifth  telegraph  pole  north  of  mile  post  80  from  Lucerne. 
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136-  J   In  west  face  of  exposed  rock  surface — 30  feet  east  of  Canadian  Northern  railway  track  and  beside  a 

small  watercourse — at  fourteenth  telegraph  pole  north  of  mile  post  78  from  Lucerne. 

137-  J   In  south  face  of  boulder,  45  feet  east  of  Canadian  Northern  railway  track,  2\  miles  south  of  Albreda 

and  80  feet  south  of  mile  post  72  from  Lucerne. 

138-  J   In  west  face — 6  inches  below  top — of  concrete  foundation  under  centre  Canadian  Northern  water- 

tank  at  Albreda. 

139- J   In  south  end  of  west  face  of  coping  on  southwest  concrete  retaining  wall  of  plate-girder  bridge  on 

Canadian  Northern  railway,  2  miles  north  of  Albreda  and  at  mileage  67-65  from  Lucerne. 

140-  J   In  west  side  of  rock  cut  on  Canadian  Northern  railway— near  rail  level— 230  feet  north  of  mile  post 

65  from  Lucerne. 

141-  J   In  west  side  of  rock  cut  on  Canadian  Northern  railway — near  centre  of  cut — |  mile  north  of  Canoe 

River  station  and  between  sixth  and  seventh  telegraph  poles  south  of  mile  post  61  from 
Lucerne. 

142- J   In  east  face  of  fiat  mass  of  rock  about  20  feet  square,  40  feet  west  of  Canadian  Northern  railway 

track,  300  feet  north  of  a  deep  rock  cut  and  at  mileage  58-5  from  Lucerne — beside  a  sharp 
curve  in  the  railway. 

143- J   In  west  face  of  large  boulder  embedded  in  hillside,  140  feet  east  of  east  line  of  Canadian  Northern 

railway  right  of  way,  1,660  feet  south  of  Swift  Creek  station  and  180  feet  south  of  a  whistle- 
post  for  southbound  trains. 

144-  J   In  top  of  concrete  bench-mark  pier,  4  feet  west  of  east  line  of  Canadian  Northern  railway  right  of 

way,  410  feet  south  of  first  creek  crossing  (1§  mile)  north  of  Swift  Creek  station  and  at 
mileage  49-5  from  Lucerne. 

145-  J   In  west  face  of  small  rock  exposure  on  east  line  of  Canadian  Northern  railway  right  of  way,  2j  miles 

south  of  Jackman,  350  feet  south  of  a  rail  stand  and  155  feet  north  of  mile  post  46  from  Lucerne. 

Direction,  Jackman  to  Resplendent— East. 

146- J   In  north  face  (side  nearest  track) — 8  inches  below  top — of  concrete  foundation  under  centre  of 

Canadian  Northern  water-tank,  |  mile  east  of  Jackman. 

147-  J   In  south  side  of  long  solid  rock  cut  on  Canadian  Northern  railway — near  centre  of  cut — 3|  miles  east 

of  Jackman  and  15  feet  west  of  mile  post  40  from  Lucerne. 

148-  J   In  west  face  of  exposed  rock  surface,  30  feet  south  of  Canadian  Northern  railway  track — at  east  side 

of  a  small  gully  from  which  a  stream  flows  through  a  culvert — If  mile  west  of  Morey  and  35 
feet  west  of  eighth  telegraph  pole  west  of  mile  post  37  from  Lucerne. 

149-  J   In  north  face — 1  foot  belov/  top  and  3  feet  from  west  end — of  concrete  retaining  wall  at  north  side  of 

Canadian  Northern  railway  track,  1|  miles  east  of  Morey  and  at  mile  post  34  from  Lucerne. 

150-  J   In  north  face  of  boulder  embedded  in  hillside,  30  feet  south  of  Canadian  Northern  railway  track 

and  20  feet  west  of  eighth  telegraph  pole  west  of  mile  post  31  from  Lucerne. 

151- J   In  west  face  of  flat  boulder  about  10  feet  square,  85  feet  south  of  Canadian  Northern  railway  track, 

280  feet  west  of  Mount  Robson  east  mile  board  and  between  fourth  and  fifth  telegraph  poles 
west  of  mile  post  28  from  Lucerne. 

152-  J    In  north  face  of  large  flat  boulder,  120  feet  south  of  Canadian  Northern  railway  track,  If  mile  west 

of  Resplendent  and  at  mileage  25-4  from  Lucerne — exactly  opposite  a  small  timber  culvert 
at  east  end  of  a  curve. 

153-  J   In  top  of  concrete  bench-mark  pier,  82  feet  north  of  centre  line  of  Canadian  Northern  railway  track, 

60  feet  south  of  centre  line  of  Grand  Trunk  Pacific  railway  track  and  225  feet  east  of  east  end 
of  C.N.R.  bridge  over  Fraser  river  situated  l\  mile  east  of  Resplendent  and  at  mileage 
22-2  from  Lucerne. 

117-H   In  Canadian  Northern  railway  bridge  over  Fraser  river,  1^  mile  east  of  Resplendent — see  line 
from  Jasper  to  Loos. 


BENCH-MARKS  BETWEEN  REVELSTOKE  AND  KAMLOOPS,  B.C., 
VIA   CANADIAN    PACIFIC  RAILWAY. 

Elevations  on  page  4J^. 

315-  C    In  west  end  of  south  face  of  south  concrete  face-wall  of  tile  pipe  culvert  under  Canadian  Pacific 

railway  at  mileage  3-9  from  Revelstoke. 

316-  C    In  north  face  of  very  large  mass  of  rock,  40  feet  south  of  centre  line  between  tracks  of  Canadian 

Pacific  railway,  200  feet  west  of  Clanwilliam  east  mile-board  and  at  mileage  7-1  from 
Revelstoke. 

41807—51 


30 


Geodetic  Survey  of  Canada 


317-  C    In  rear  (or  west)  face  of  diverting  wall — 1  foot  below  top  and  5  feet  from  south  end  of  wall — at  south 

side  of  square  concrete  culvert  under  Canadian  Pacific  railway,  140  feet  west  of  Clanwilliam 
west  mile-board  and  at  mileage  9-8  from  Revelstoke.  This  is  \  mile  west  of  the  farthest 
west  of  three  short  tunnels. 

318-  C    In  east  end  of  south  face  of  square  concrete  culvert  under  Canadian  Pacific  railway,  2  miles  east  of 

Three  Valley  and  at  mileage  12-6  from  Revelstoke. 

319-  C  In  northwest  face  of  point  of  rock  on  south  bank  of  Eagle  river,  f  mile  west  of  Three  Valley  and  200 

feet  southeast  of  plate-girder  bridge  on  Canadian  Pacific  railway  at  mileage  15-44  from 
Revelstoke. 

320-  C    In  east  face  of  large  mass  of  rock,  2  feet  north  of  north  line  of  Canadian  Pacific  railway  right  of  way 

(westbound  track),  800  feet  west  of  mile  post  18  from  Revelstoke  and  1,630  feet  west  of  a 
bridge  over  Eagle  river. 

321-  C    In  west  face  of  easterly  concrete  pier  of  Canadian  Pacific  railway  bridge  (eastbound  track)  over 

Eagle  river,  at  mileage  18-9  from  Revelstoke.  The  bench-mark  is  8  feet  south  of  north  face 
of  pier  and  47  feet  6  inches  below  rail  level. 

322-  C    In  side  of  concrete  bench-mark  pier,  3  feet  north  of  south  line  of  Canadian  Pacific  railway  right  of 

way,  U  mile  east  of  Taft  and  133  feet  west  of  mile  post  23  from  Revelstoke. 

323-  C    In  east  face  of  west  concrete  abutment  of  plate-girder  bridge  over  Crazy  creek,  450  feet  east  of  Taft 

station,    The  bench-mark  is  directly  beneath  centre  line  of  westbound  track. 

324-  C    In  east  face — 14  inches  below  top  and  5  feet  from  north  end — of  west  concrete  abutment  of  Canadian 

Pacific  railway  bridge  over  Eagle  river,  2  miles  east  of  Craigellachie  and  at  mileage  26-5 
from  Revelstoke. 

325-  C    In  north  face  of  concrete  base  of  monument  built  to  commemorate  driving  of  last  spike  in  trans- 

continental line  of  Canadian  Pacific  railway;  this  is  800  feet  west  of  Craigellachie  station, 
at  north  side  of  track. 

326-  C   In  top  course  of  stonework,  in  east  face — 9  feet  6  inches  from  south  end — of  west  abutment  of 

Canadian  Pacific  railway  bridge  over  Eagle  river,  \  mile  west  of  Malakwa  and  at  mile  post 
33  from  Revelstoke. 

327-  C    In  centre  of  east  face  of  coping  on  west  concrete  abutment  of  Canadian  Pacific  railway  bridge  over 

Eagle  river,  at  mileage  37-25  from  Revelstoke. 

328-  C    In  centre  of  east  face — 1  foot  below  stone  coping — of  west  concrete  abutment  of  Canadian  Pacific 

railway  bridge  over  Eagle  river,  |  mile  east  of  Solsqua  flag-station  and  at  mileage  40-6  from 
Revelstoke. 

329-  C    In  centre  of  east  face  of  stone  coping  on  west  abutment  of  Canadian  Pacific  railway  bridge  over 

Eagle  river,  f  mile  east  of  Sicamous  and  at  mile  post  44  from  Revelstoke. 

330-  C   In  east  face — 8  inches  below  bridge  seat  and  15  inches  from  south  end — of  west  concrete  abutment 

of  five-span  plate-girder  bridge  over  Sicamous  narrows,  \  mile  east  of  Sicamous. 

331-  C    In  north  face  of  north  concrete  face-wall  of  tile  pipe  culvert  under  Canadian  Pacific  railway,  3^ 

miles  west  of  Sicamous  and  at  mileage  48-2  from  Revelstoke. 

332-  C    In  northwest  face  of  point  of  rock  on  shore  of  Salmon  Arm — about  15  feet  above  water  surface — 150 

feet  north  of  western  portal  of  tunnel  on  Canadian  Pacific  railway  at  mileage  52-24  from 
Revelstoke.  This  is  the  first  point  of  rock  on  shore  (about  \  mile)  east  of  Mowitch  flag- 
station. 

333-  C    In  east  end  of  north  face — 7  inches  below  top — of  large  square  concrete  culvert  under  Canadian 

Pacific  railway,  \  mile  east  of  Canoe  flag-station  and  at  mileage  57-2  from  Revelstoke. 

334-  C    In  north  face  of  exposed  rock  surface  on  hillside,  29  feet  south  of  Canadian  Pacific  railway  track, 

300  feet  east  of  a  private  crossing.  If  mile  east  of  Salmon  Arm  and  at  ninth  telegraph  pole 
east  of  mile  post  62  from  Revelstoke. 

335-  C    In  west  face  of  concrete  foundation — 5  inches  below  woodwork — of  pilaster  at  northwest  corner  of 

Canadian  Bank  of  Commerce  at  Salmon  Arm. 

336-  C    In  centre  of  west  face — 1  foot  below  stone  coping — of  east  concrete  abutment  of  plate-girder  bridge 

over  Salmon  river,  1§  mile  west  of  Salmon  Arm  and  at  mile  post  65  from  Revelstoke. 

337-  C    In  north  face  of  exposed  rock  surface,  10  feet  south  of  south  line  of  Canadian  Pacific  railway  right 

of  way.  If  mile  east  of  Tappen  and  at  fourth  telegraph  pole  east  of  mile  post  69  from  Revel- 
stoke— about  150  feet  east  of  east  end  of  a  sharp  curve  around  a  rocky  point  facing  Salmon 
Arm. 

338-  C    In  side  of  concrete  bench-mark  pier,  2  feet  north  of  south  line  of  Canadian  Pacific  railway  right  of 

way,  240  feet  west  of  a  highway  crossing,  316  feet  east  of  mile  post  76  from  Revelstoke  and  f 
mile  West  of  Carlin  flag-station. 
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339-  C    In  front  (or  south)  concrete  foundation  wall — 8  inches  below  woodwork  and  6  feet  from  southeast 

corner — of  Notch  Hill  public  school,  350  feet  west  of  railway  station. 

340-  C    In  west  face  of  east  concrete  abutment — 3  feet  6  inches  below  bridge  seat  and  near  centre  of  abut- 

ment— of  plate-girder  bridge  on  Canadian  Pacific  railway,  b\  miles  west  of  Notch  Hill  and 
at  mileage  85-4  from  Revelstoke. 

341-  C   In  east  end  of  north  face  of  north  concrete  face-wall  of  pipe  culvert  under  Canadian  Pacific  railway 

at  mileage  91-6  from  Revelstoke — within  the  limits  of  Stormont  passing-track. 

342-  C   In  centre  of  west  face — 6  inches  below  stone  coping — of  east  concrete  abutment  of  Canadian  Pacific 

railway  bridge  over  Chase  creek,  \  mile  east  of  Chase  station. 

343-  C    In  centre  of  north  face  of  square  concrete  culvert  under  Canadian  Pacific  railway,  \\  mile  west  of 

Shuswap  and  at  mileage  96-9  from  Revelstoke. 

344-  C    In  side  of  concrete  bench-mark  pier,  2  feet  north  of  south  line  of  Canadian  Pacific  railway  right  of 

way,  920  feet  east  of  a  square  concrete  culvert,  520  feet  east  of  mile  post  99  from  Revelstoke 
and  Z\  miles  west  of  Shuswap. 

345-  C   In  east  end  of  south  face — 8  inches  below  top — of  square  concrete  culvert  under  Canadian  Pacific 

railway,  2  miles  east  of  Pritchard  and  at  mileage  102-75  from  Revelstoke. 

346-  C    In  east  end  of  north  face — 9  inches  below  top — of  square  concrete  culvert  under  Canadian  Pacific 

railway,  1-6  miles  west  of  Pritchard  and  at  mileage  106-4  from  Revelstoke. 

347-  C   In  east  end  of  south  face — 9  inches  below  top — of  square  concrete  culvert  under  Canadian  Pacific 

railway,  1  mile  east  of  Duck  and  at  mileage  110-65  from  Revelstoke. 

348-  C   In  east  end  of  north  face — 11  inches  below  top — of  large  concrete  arch  culvert  under  Canadian 

Pacific  railway,  \  mile  west  of  Duck  and  at  mile  post  112  from  Revelstoke. 

349-  C   In  east  end  of  south  face — 8  inches  below  top — of  square  concrete  culvert  under  Canadian  Pacific 

railway,  3|  miles  west  of  Duck  and  at  mileage  115-4  from  Revelstoke. 

350-  C   In  west  face — 16  inches  below  bridge  seat  and  12  feet  from  north  end — of  east  concrete  abutment  of 

plate-girder  bridge  over  Campbell  creek,  at  mileage  117-4  from  Revelstoke. 

351-  C   In  north  face — 9  inches  below  top — of  square  concrete  culvert  under  Canadian  Pacific  railway,  at 

mileage  122-5  from  Revelstoke. 

352-  C   In  east  end  of  north  face — 9  inches  below  top — of  square  concrete  culvert  under  Canadian  Pacific 

railway,  4  miles  east  of  Kamloops  and  200  feet  east  of  mile  post  125  from  Revelstoke. 

353-  C    In  north  wall  of  city  of  Kamloops  power  station — a  concrete  building  immediately  north  of 

Canadian  Pacific  railway,  about  1  mile  east  of  Kamloops.  The  bench-mark  is  4  inches 
above  water-table,  in  north  face  of  pilaster  at  northeast  corner  of  building. 

354-  C    In  second  course  of  stonework  below  brickwork,  in  front  (or  north)  wall — 5  feet  from  northwest 

corner — of  Canadian  Pacific  station-house  at  Kamloops. 

355-  C   In  fifth  course  of  stonework  below  water-table  course,  in  east  end  of  north  wall  of  court  house  at 

Kamloops — corner  of  First  avenue  and  Seymour  street. 

87-J   In  Canadian  Northern  railway  bridge  over  North  Thompson  river  at  Kamloops  Junction — see  line 
from  Abbotsford  to  Resplendent. 
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ROUSE  POINT,  N.Y.,  TO  SHERBROOKE,  QUE. 
Run  by  G.  F.  Dalton  and  H.  P.  Moulton 
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©United  States  bench-mark  on  Chapman  Block,  Rouse  Point,  N.Y. 
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RESULTS  OF  PRECISE  LEVELLING 
ROUSE  POINT,  N.Y.,  TO  SHERBROOKE,  QUE. 


Run  by  G.  F.  Dallon  and  H.  P.  Moulton 
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Connections  with  Public  Works  Dept's  bench-marks: — 

B.M.— DCI— D.  &  H.  station,  Rouse  Point,  Elev.  123-761. 

B.M.—DCCCXIX— Dwelling  near  G.T.R.  station,  Lacolle,  Elev.  156-760. 

B.M.— MCCCXXXII— C.P.R.  bridge  over  La  Tortue  river,  Elev.  93-318. 

B.M.—DLXXXVIII— G.T.R.  culvert  U  miles  north  of  Brosseau,  Elev.  58-194. 

B.M.—DLXXXVII— G.T.R.  culvert  2J  miles  north  of  Brosseau,  Elev.  58-420. 

B.M.—DLXXXVI— G.T.R.  subway,  St.  Lambert,  Elev.  72-050. 

B.M.—MCCCXXXIX— Roman  Catholic  church,  St.  Hubert,  Elev.  84-420. 

B.M.—MCCCXLII— G.T.R.  subway,  St.  Hilaire,  Elev.  52-301. 
*See  also  elevation  of  this  bench-mark  on  page  34. 

fThe  elevation  of  bench-mark  3  given  on  page  319,  1917  publication,  is  484-318. 


RESULTS  OF  PRECISE  LEVELLING 
STE.  ROSALIE  JCT.  TO  FARNHAM,  QUE. 
Run  by  H.  P.  Moulton 


Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
614-B 

Discrepancy 

Elevation 
above 
mean 

sea  level 

Bench-Mark 

From 

To 

Partial 

Total 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

614-B 

108^778 

614-B 

614-B 

615-B 

1-6 

1-6 

-•003 

-•003 

108^751 

615-B 

615-B 

616-B 

2-5 

4-1 

+  •020 

+  •017 

108^878 

616-B 

616-B 

617-B 

2-9 

7-0 

-015 

+  •002 

109^274 

617-B 

617-B 

618-B 

3-1 

101 

•000 

+  •002 

130^618 

618-B 

618-B 

619-B 

2-5 

12-6 

+  •016 

+  •018 

189^312 

619-B 

619-B 

620-B 

2^7 

15-3 

+  •002 

+  •020 

196-043 

620-B 

620-B 

621-B 

3-5 

18-8 

+  •005 

+  •025 

215-456 

621-B 

621-B 

622-B 

2-1 

20-9 

•000 

+  •025 

232-838 

622-B 

622-B 

623-B 

4-1 

25-0 

--008 

+  •017 

220-586 

623-B 

623-B 

62* 

1-8 

26-8 

+  •006 

+  •023 

195-017 

62* 

*The  elevation  of  bench-mark  62  given  on  page  317,  1917  publication,  is  195-121. 
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RESULTS  OF  PRECISE  LEVELLING 


CHAUDIERE  TO  RICHMOND,  QUE 
Run  by  H.  P.  Moulton 


Bench-Mark 

Distance 

Distance 

Discrepancy 

between 

from 

Elevation 

successive 

bench- 

above 

Bench-Mark 

bench- 

mark 

mean 

From 

To 

marks 

258-B 

Partial 

Total 

sea  level 

INO. 

IN  O. 

Miles 

Miles 

r  eet 

r  eet 

Feet 

No. 

Zoo— JJ 

169 • 643 

258-B 

ZOO— -D 

"R 

DOl— ±5 

4-2 

4-2 

1      A1  Q 

-f-  -Ulo 

1      A1  O 

-f-  'Ulo 

275-148 

651-B 

651-B 

652-B 

4-3 

8-5 

+  •021 

+  •039 

348-559 

652-B 

652-B 

653-B 

4-2 

12-7 

-•006 

+  •033 

392-713 

653-B 

653-B 

654-B 

1-2 

13-9 

+  •018 

+  •051 

416-028 

654-B 

654-B 

655-B 

0-2 

141 

+  •006 

+  •057 

436-318 

655-B 

004— JD 

000- -t> 

51 

190 

—  •  UUo 

-\- '  U'lo 

484-925 

656-B 

656-B 

657-B 

3-4 

22-4 

-027 

+  •016 

429-371 

657-B 

657-B 

658-B 

30 

25-4 

+  •008 

+  •024 

443-415 

658-B 

658-B 

659-B 

30 

28-4 

-•016 

+  •008 

457-137 

659-B 

659-B 

660-B 

1-6 

300 

+  •023 

+  •031 

444-203- 

660-B 

DOU— rS 

DDI— 1j 

2-8 

32-8 

—  'UlU 

-J-  •UZl 

486-719 

661-B 

661-B 

RRO  Ti 
DDZ— r> 

1-7 

34-5 

1  AQQ 

-j-  •Uoo 

467-757 

662-B 

ODZ— JtS 

DDO— -D 

3-2 

37-7 

-f-  •UlO 

1  Acq 
-j-  •Uoo 

458^812 

663-B 

663-B 

664-B 

2-3 

400 

+  •028 

+  •081 

442 • 645 

664-B 

664-B 

665-B 

2-8 

42-8 

-•006 

+  •075 

442^876 

665-B 

T> 

DDO-B 

DOO-rS 

0-7 

43-5 

—  uuy 

1  ACC 

-r  •Uoo 

505^083 

666-B 

665-B 

667-B 

3-9 

46-7 

+  •001 

+  •076 

512-660 

667-B 

667-B 

668-B 

1-7 

48-4 

+  •007 

+  •083 

513-780 

668-B 

668-B 

ooy-xJ 

30 

51-4 

1    m  A 
-f-  •UlU 

1  AAO 

497-001 

669-B 

669-B 

D/U— r> 

60 

57-4 

1  AAO 

"i-  'Uuz 

1  AAC 

-j-  •Uyo 

437-739 

670-B 

670-B 

671-B 

0-2 

57-6 

-•006 

+  •089 

439-024 

671-B 

670-B 

672-B 

0-5 

57-9 

+  •005 

+  •100 

418-850 

672-B 

672-B 

673-B 

4-6 

62-5 

-•003 

+  •097 

420-238 

673-B 

673-B 

674-B 

2-8 

65-3 

+  •006 

+  •103 

519-044 

674-B 

674-B 

675-B 

0-8 

66-1 

-•014 

+  •089 

473-489 

675-B 

675-B 

676-B 

4-3 

70-4 

-•007 

+  •082 

433-707 

676-B 

676-B 

677-B 

2-6 

730 

+  •006 

+  •088 

448-929 

677-B 

677-B 

678-B 

30 

760 

-•008 

+  •080 

390-766 

678-B 

678-B 

679-B 

1-6 

77-6 

+  •003 

+  •083 

444^540 

679-B 

679-B 

680-B 

2-7 

80-3 

-•025 

+  •058 

464  930 

680-B 

680-B 

681-B 

2-6 

82-9 

+  •004 

+  •062 

481-691 

681-B 

681-B 

682-B 

3-0 

85-9 

+  •003 

+  •065 

482-910 

682-B 

682-B 

683-B 

20 

87-9 

-•018 

+  •047 

461-647 

683-B 

683-B 

639-B* 

1-6 

89-5 

-•023 

+  •024 

393-289 

639-B* 

*See  also  elevation  of  this  bench-mark  on  page  33. 

Connection  at  Chaudiere  with  Public  Works  Dept's  bench-mark: — 

B.M.— MCLXXII— I.R.C.  bridge  over  Chaudiere  river,  Elev.  233^595. 
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RESULTS  OF  PRECISE  LEVELLING 
LOOP  LINE  AROUND  MONTREAL,  QUE. 
Run  by  W.  N.  McGrath 


Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
597-B-2 

Discrepancy 

Elevation 
above 
mean 
sea  level 

Bench-Mark 

From 

To 

Partial 

Total 

No. 

597-B-2 
DLXXXVI 
DLXXXV 
DLXXXIV 
DLXXXIII 

No. 
597-B-2 

DLXXXV 

ULiA A Al  V 
DLXXXIII 

DCCCXLVI 

oUt 

Miles 

0-4 

0-  5 

1-  4 
20 
0-9 
0-3 

Miles 

0-4 
0-9 
2-3 

4-  3 

5-  2 
5-5 

Feet 

-j-  -UU/ 
•000 
-|-  -006 
+  •016 
-•007 

—  -UUD 

Feet 

+  ^007 
+  •007 
+  •OlS 
+  •029 
+  •022 
+  •uiy 

Feet 
55^560 
72^050 
67^619 
67^247 
61^531 
55^562 

112  979 

No. 
597-B-2 
DLXXXVI 
DLXXXV 
DLXXXIV 
DLXXXIII 
DCCCXLVI 
807 

807 
808 

808 
809 

0-9 
0-2 

6-4 
6-6 

—  005 

+  •011 

+  •OH 
+  •025 

111834 
124 • 830 

808 
809 

807 
810 
811 
812 
813 

810 
811 
812 
812 
814 

10 
1-6 
M 

0-  7 

1-  4 

6-5 

8-  1 

9-  2 
9-9 

11-3 

-•013 
-•023 
+  •018 
+  •013 
-•019 

+  •006 
-•017 
+  •001 
+  •014 
-•005 

153^717 
168^142 
151216 
126  661 
151 •619 

810 
811 
812 
813 
814 

814 
815 

815 
816 

2-8 
0-7 

141 
14-8 

+  •014 
+  •001 

+  •009 
+  •010 

190911 
188^466 

815 
816 

816 

817 

01 

14-9 

-001 

+  •009 

178  253 

817 

816 
818 

818 
819 

1-3 
0-5 

161 
16-6 

•000 
-015 

+  •010 
-005 

203^377 
225^695 

818 
819 

819 

820 

0-2 

16-8 

-•008 

-013 

226^571 

820 

819 
821 
822 
823 
824 

821 
822 
823 
824 
N 

1-7 
10 
11 

0-  9 

1-  3 

18-  3 

19-  3 

20-  4 

21-  3 

22-  6 

+  •014 
-•001 
-•005 
+  •005 
+  •001 

+  •009 
+  •008 
+  •003 
+  •008 
+  •009 

166-600 
67^814 
55^284 
65-287 
49^030 

821 
822 
823 
824 

N  . 

N 
825 

825 

DLXXXIV 

0-  2 

1-  2 

22-8 
24  0 

+  •007 
-•007 

+  •016 
+  •009 

49-902 
67 • 247 

825 
DLXXXIV 

p!VH??siTY  OF  \u  imn  \mm 


APR  15  iS20 
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RESULTS  OF  PRECISE  LEVELLING 
BRANTFORD  TO  LUCAN  CROSSING,  ONT. 
Run  by  W.  N.  McGrath 


Bench-Mar  K 

JJista/nce 

Discrepancy 

between 

from 

Elevation 

SUCCGSSiVG 

above 

B  E  NCH-M  ARK 

bench- 

mark 

mean 

From 

To 

marks 

218 

Partial 

Total 

sea  level 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

-T  eet 

IN  O . 

218 

703-470 

218 

218  - 

77-F 

3-8 

3-8 

4- -008 

+  •008 

751-378 

77-F 

77-F 

78-F 

1-9 

5-7 

+  •018 

+  •026 

750^731 

78-F 

78-F 

79-F 

1-9 

7-6 

+  •002 

+  •028 

788-766 

79-F 

79-F 

80-F 

4-6 

12-2 

-•003 

+  •025 

868 •836 

80-F 

80-F 

81-F 

2-7 

14-9 

—  -002 

+  •023 

o  1  o  \j\jo 

81— 
oi  X 

j  81-F 

82-F 

0-5 

15-4 

—  •002 

+  •021 

870-997 

82-F 

81-F 

82-F-2 

1-2 

16  1 

—  •002 

+  •021 

922-517 

82-F-2 

82-F-2 

83-F 

3-4 

19-5 

+  •011 

+  •032 

you 

oo  J 

83-F 

84-F 

0-2 

19-7 

—  •003 

+  •029 

933-755 

84-F 

83-F 

85-F 

3-5 

23-0 

—  •031 

+  •001 

Q4.fi.  4fifi 

85-F 

86-F 

0-7 

23-7 

+  •005 

-I- -006 

980^430 

86-F 

86-F 

87-F 

3-6 

27-3 

+  •014 

+  •020 

1008^553 

87-F 

87-F 

88-F 

3-4 

30-7 

+  •023 

+  •043 

1  n^iQ .  fiQfi 
luoy  oyu 

88-F 

89-F 

0-9 

31-6 

+  •010 

+  •053 

1076^788 

89-F 

1  89-F 

90-F 

1-0 

32-6 

+  •  002 

+  •055 

QO-F 

j  90-F 

91-F 

32-6 

—  ^002 

+  •053 

1063 •648 

91-F 

90-F 

92-F 

0-4 

330 

—  •OOl 

+  •054 

1078^160 

92-F 

89-F 

93-F 

6-3 

37-9 

+  •023 

+  •076 

1071^474 

93-F 

93-F 

94-F 

2-6 

40-5 

-•004 

+  •072 

1008^575 

94-F 

94-F 

95-F 

3-9 

44-4 

+  •005 

+  •077 

1102-960 

95-F 

95-F 

96-F 

0-5 

44-9 

•000 

+  •077 

1124-752 

96-F 

96-F 

97-F 

u  o 

to 

+  •004 

+  •081 

1 101  ."^VO 

y /— r 

95-F 

98-F 

1-6 

46-0 

+  •013 

+  •090 

1059-902 

98-F 

98-F 

99-F 

u  •  z 

Aft.  9 

—  ^004 

+  •086 

yy— r 

95-F 

100-F 

3-4 

47-8 

+  •023 

+  •100 

1202^325 

100-F 

100-F 

101-F 

5-5 

53-3 

+  •032 

+  •132 

1183^054 

101-F 

101-F 

102-F 

3-5 

56-8 

4-  -008 

+  •140 

1090-714 

102-F 

102-F 

103-F 

0-5 

57-3 

-•oil 

+  •129 

1125-216 

103-F 

103-F 

104-F 

4*0 

ftl  0 
01  -O 

+  •011 

+  •140 

1 loo •400 

1U4— r 

104-F 

105-F 

5-1 

66-9 

+  •014 

+  •154 

1205-032 

105-F 

105-F 

106-F 

3-3 

70-2 

+  •024 

+  •178 

1194-242 

106-F 

106-F 

107-F 

0-7 

70-9 

-•005 

+  •173 

1180-745 

107-F 

106-F 

108-F 

0-7 

70-9 

+  •010 

+  •188 

1182-359 

lOS-F 

108-F 

109-F 

7-0 

77-9 

+  •022 

+  •210 

1103-918 

109-F 

109-F 

110-F 

3-5 

81-4 

+  001 

+  •211 

1057-075 

110-F 

110-F 

111-F 

0-9 

82-3 

+  •002 

+  •213 

1040-402 

111-F 

111-F 

112-F 

6-4 

88-7 

+  •022 

+  •235 

981-652 

112-F 

112-F 

113-F 

3-7 

92-4 

-•007 

+  •228 

998-996 

113-F 

113-F 

113-F-2 

2-2 

94-6 

+  •004 

+  •232 

1030-227 

113-F-2 

113-F-2 

114-F 

1-4 

96-0 

+  •001 

+  •233 

997-137 

114-F 

114-F 

337* 

2-9 

98-9 

+  •005 

+  •238 

864-741 

337* 

*The  elevation  of  bench-mark  337  given  on  page  84,  1913  publication,  is  864-945. 
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RESULTS  OF  PRECISE  LEVELLING 
GUELPH  JOT.  TO  PALMERSTON,  ONT. 
Run  by  W.  N.  McGrath 


Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
89-F 

Discrepancy 

Elevation 
above 
mean 
sea  level 



Bench-Mark 

From 

To 

Partial 

Total 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

89-F 

1076-788 

89-F 

89-F 

115-F 

2-7 

2-7 

-•026 

-•026 

1112-124 

115-F 

115-F 

116-F 

6-2 

8-9 

+  •010 

-•016 

1165-981 

116-F 

116-F 

117-F 

4-5 

13-4 

-•010 

-•026 

1272^843 

117-F 

117-F 

118-F 

1-8 

15-2 

+  •008 

-•018 

1300-922 

118-F 

118-F 

119-F 

10 

16-2 

+  •005 

-013 

1310044 

119-F 

119-F 

120-F 

0-4 

16-6 

+  •001 

-012 

1362-232 

120-F 

120-F 

121-F 

2-9 

19-5 

-•033 

-•045 

1362-240 

121-F 

121-F 

122-F 

5-5 

25-0 

-•008 

-•053 

1506-389 

122-F 

122-F 

123-F 

6-1 

3M 

+  •017 

-•036 

1349-339 

123-F 

123-F 

124-F 

51 

36-2 

-015 

-•051 

1328-039 

124-F 

124-F 

305* 

6-6 

42-8 

+  •013 

-•038 

1317-328 

305* 

*The  elevation  of  bench-mark  205  given,  on  page  83,  1913  publication,  is  1317-286. 


RESULTS  OF  PRECISE  LEVELLING 
FERGUS  TO  MELVILLE,  ONT. 


Run  by  W.  N.  McGrath 


'  Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
120-F 

Discrepancy 

Elevation 
above 
mean 

sea  level 

Bench-Mark 

From 

To 

Partial 

Total 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

120-F 

1362^232 

120-F 

120-F 

125-F 

3-7 

3-7 

-014 

-014 

1396^287 

125-F 

125-F 

126-F 

5-3 

90 

--014 

-•028 

1490-923 

126-F 

126-F 

127-F 

4-2 

13-2 

-•024 

-•052 

1441-928 

127-F 

127-F 

128-F 

2-8 

16-0 

+  -003 

-•049 

1433-733 

128-F 

128-F 

129-F 

3-4 

19-4 

+  -012 

-•037 

1296-986 

129-F 

129-F 

130-F 

4-3 

23-7 

+  •013 

-•024 

1283-344 

130-E 

130-F 

131-F 

4-4 

28-1 

--014 

-•038 

1299-534 

131-F 

131-F 

132-F 

1-8 

29-9 

+  •002 

-•036 

1326-069 

132-F 

132-F 

265* 

3-8 

33-7 

-•029 

-065 

1349-412 

265* 

*The  elevation  of  bench-mark  265  given  on  page  82,  1913  publication,  is  1349-299. 
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RESULTS  OF  PRECISE  LEVELLING 
ST.  CATHARINES  TO  PORT  DALHOUSIE,  ONT. 


Run  by  W.  N.  McGrath 


Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
208 

Discrepancy 

Elevation 
above 
mean 
sea  level 

Bench-Mark 

From 

To 

Partial 

Total 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

208 

358 •616 

208 

208 

133-F 

1-8 

1-8 

-•003 

-003 

320-978 

133-F 

133-F 

134-F 

1-6 

3-4 

+  •007 

+  •004 

259-719 

134-F 

RESULTS  OF  PRECISE  LEVELLING 
WELLAND  JCT.  to  port  COLBORNE,  ONT. 


Run  by  W.  N.  McGrath 


Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
214 

Discrepancy 

Elevation 
above 
mean 
sea  level 

Bench-Mark 

From 

To 

Partial 

Total 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

214 

580^353 

214 

214 

135-F 

51 

51 

-•013 

-•013 

583-314 

135-F 

135-F 

136-F 

03 

5-4 

-•010 

-023 

605-566 

136-F 

136-F 

137-F 

0^5 

59 

-•013 

-•036 

579-302 

137-F 

For  connections  at  Port  Dalhousie  and  Port  Colborne  with  Hydrographic  Survey  bench-marks,  see 
Introduction. 
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RESULTS  OF  PRECISE  LEVELLING 
FRANZ  TO  PORT  ARTHUR,  ONT. 
Run  by  A.  J.  Rainboth 


Bench-Mark 

Distance 

Distance 

Discrepancy 

between 

from 

Elevation 

successive 

bench- 

above 

Bench-Mark 

bench 

mark 

mean 

To 

marks 

634 

Partial 

Total 

sea  level 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

708 

194-2 

+  -362 

1219-304 

708 

708 

709 

3-3 

197-5 

+  -023 

+  •385 

1189-871 

709 

709 

710 

3-7 

201-2 

+  -014 

+  •399 

1157-543 

710 

710 

711 

OA/1  1 

+  -002 

+  •401 

1  Onf!  '771 

1/UD- ill 

71  1 

711 

712 

2-9 

207-0 

--005 

+  •396 

1250-080 

712 

712 

713 

3-7 

210-7 

+  -019 

+  •415 

1385-131 

713 

713 

714 

o  •  0 

911.9 

Lit.'  L 

4- -006 

+  •421 

1 41 n . 987 
141U - Zo/ 

714. 

714 

715 

2-9 

217-1 

+  •005 

+  •426 

1424-738 

715 

716 

716 

30 

220-1 

+  -022 

+  •448 

1428-784 

716 

716 

717 

3-5 

223-6 

+  -004 

+  •452 

1376-524 

717 

717 

718 

2-4 

226-0 

+  •005 

+  •457 

1369-824 

718 

718 

719 

O  T 

Z  •  1 

OOQ  '7 

—  -002 

+  •455 

loo/ - 1/D 

71  n 

/  ly 

719 

720 

3-2 

231-9 

—  •022 

+  •433 

1382-409 

720 

720 

721 

3-7 

235-6 

-•009 

+  •424 

1355-094 

721 

721 

722 

4-5 

240-1 

+  •014 

+  •438 

1255-447 

722 

722 

723 

2-7 

242-8 

—  -002 

+  •436 

1225-260 

723 

723 

723-A 

0-2 

243  0 

-000 

+  •436 

1222-132 

723-A 

723 

724 

3-1 

245-9 

•000 

+  •436 

1225-742 

724 

724 

725 

31 

249-0 

+  -006 

+  •442 

1199-050 

725 

725 

726 

30 

252-0 

+  -004 

+  •446 

1195-487 

726 

726 

727 

0  1 

6  •  1 

'>t^K  1 

/oo  •  1 

+  •002 

+  •448 

1  1  /I  K  700 

1140^ I ZZ 

707 
I  Ll 

727 

728 

3-2 

258-3 

—  002 

+  -446 

1129^694 

728 

728 

729 

3-7 

262-0 

-•001 

+  •445 

1108-312 

729 

729 

730 

2-2 

264-2 

+  •001 

+  ^446 

1086-915 

730 

730 

731 

21 

266-3 

+  •009 

+  ^455 

1084-388 

731 

731 

732 

1-3 

267-6 

_  .012 

+  -443 

lU/b-o/o 

161 

732 

733 

3-3 

270-9 

—  015 

+  •428 

1054-424 

733 

733 

734 

3-3 

274-2 

+  -009 

+  •437 

1053-395 

734 

734 

735 

2-7 

276-9 

4-. 013 

+  •450 

1031-527 

735 

735 

736 

31 

280-0 

—  -007 

_j_  .443 

1028-112 

736 

736 

737 

6  •  1 

OCQ  1 

+  -002 

+  •445 

yoo-ouu 

707 

737 

738 

2-5 

285-6 

—  -002 

_|_  .443 

871-151 

738 

738 

739 

3-5 

289-1 

+  -002 

+  •445 

875-666 

739 

739 

740 

4-3 

293-4 

+  -027 

+  -472 

801-639 

740 

740 

741 

1-6 

295-0 

—  -008 

+  ^464 

794-347 

741 

741 

742 

zy/  -  4 

—  -013 

+  ^451 

coo  OCTO 

683-853 

742 

742 

742-A 

0-7 

298-1 

—  -002 

_L .449 

708-778 

742-A 

742-A 

743 

2-9 

301-0 

—  -016 

+  •433 

738-913 

743 

743 

744 

3-2 

304-2 

--004 

+  •429 

681-593 

744 

744 

745 

2-7 

306-9 

--007 

+  •422 

698 •604 

745 

745 

746 

31 

310-0 

-•021 

+  •401 

715375 

746 

746 

747 

30 

313-0 

+  •004 

+  •405 

739^529 

747 

747 

748 

30 

316-0 

+  •002 

+  •407 

652  930 

748 

748 

749 

2-9 

318-9 

-•013 

+  •394 

784^428 

749 

749 

750 

30 

321-9 

+  •007 

+  •401 

791  108 

750 

750 

751 

30 

324-9 

-•005 

+  •396 

692-462 

751 

751 

752 

30 

327-9 

-•008 

+  -388 

650-501 

752 

752 

753 

30 

330-9 

--008 

+  -380 

650-659 

753 

753 

754 

30 

333-9 

--009 

+  -371 

713-691 

754 

754 

755 

30 

336-9 

-•005 

+  -366 

709-893 

755 

755 

756 

30 

339-9 

-•013 

+  -353 

702-105 

756 

756 

757 

31 

343-0 

+  •003 

+  -356 

632-881 

757 
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RESULTS  OF  PRECISE  LEVELLING 
FRANZ  TO  PORT  ARTHUR,  01<iT .—Concluded 
Run  by  A.  J.  Rainhoth 


Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
634 

Discrepancy 

Elevation 
above 
mean 

sea  level 

Bench-Mark 

From 

To 

Partial 

Total 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

757 

758 

2-8 

345-8 

-012 

+  -344 

651^299 

758 

758 

759 

2-9 

348-7 

-•005 

+  -339 

746^206 

759 

759 

760 

4-5 

353-2 

-I--005 

+  -344 

885-359 

760 

760 

761 

OKA  T 

ooo-  / 

+  •019 

+  -363 

y/U- 1/1 

7ft1 
/  Dl 

761 

762 

2-4 

359-1 

_j--022 

-i--385 

959-532 

762 

762 

763 

1-9 

361-0 

-•014 

+  -371 

997-875 

763 

763 

764 

0-2 

361-2 

+  •003 

+  -374 

979-935 

764 

764 

765 

2-9 

364-1 

+  •012 

+  -386 

955^775 

765 

765 

766 

0  n 
o-U 

+  •015 

+  -401 

oZo • 010 

7RR 
<  DO 

766 

767 

40 

371  1 

—  -017 

+■•384 

698-170 

767 

767 

768 

30 

374-1 

+  -015 

+  -399 

660-454 

768 

768 

769 

30 

377  1 

+  •025 

+  -424 

640-329 

769 

769 

770 

2-8 

379-9 

+  •020 

+  -444 

631-229 

770 

770 

771 

OOO  - 1 

-•022 

+  -422 

fil  .009 

oio  yjKjit 

771 

771 

772 

30 

386-1 

—  -022 

+  •400 

648 • 265 

772 

772 

773 

2-9 

389  0 

+  •001 

+  -401 

635 • 305 

773 

773 

774 

31 

392-1 

+  -016 

+  -417 

626^056 

774 

774 

775 

2-6 

394-7 

--004 

+  -413 

606 • 940 

775 

775 

776 

oyy  •  1 

--009 

+  -404 

ROT . 1 48 

776 

776 

777 

30 

402-1 

+  -016 

-(-•420 

636-014 

777 

777 

778 

3-3 

405-4 

+  •006 

+  -426 

723-053 

778 

778 

779 

21 

407-5 

•000 

+  •426 

640-209 

779 

779 

780 

2-2 

409-7 

-•017 

+  •409 

624-553 

780 

780 

781 

O  1 

/111  c? 
411  -o 

-•013 

+  •396 

00 i  too 

781 

781 

782 

2-8 

414-6 

+  •002 

+  •398 

615-595 

782 

782 

783 

30 

417-6 

-•016 

+  •382 

623-466 

783 

783 

784 

3-4 

421-0 

-010 

+  •372 

700-429 

784 

784 

785 

2-5 

423-5 

--019 

+  •353 

683-144 

785 

785 

786 

0 .  ft 

+  -011 

+  •364 

uio  lyju 

786 

786 

787 

2-7 

428-8 

+  •028 

_i-.392 

628 • 169 

787 

787 

788 

2-7 

431-5 

-•015 

+  •377 

640-920 

788 

788 

789 

3-4 

434-9 

-•003 

+  •374 

661-285 

789 

789 

790 

2-5 

437-4 

+  •005 

+  -379 

647-734 

790 

790 

791 

3*9 

441  -3 

-•004 

+  -375 

DUO  oOO 

791 

791 

792 

2-8 

444-1 

+  •012 

+  -387 

623-042 

792 

792 

793 

2-8 

446-9 

+  •004 

+  •391 

671-579 

793 

793 

794 

3-2 

450-1 

-•023 

+  •368 

736-405 

794 

794 

795 

3-8 

453-9 

+  -001 

+  •369 

774-598 

795 

795 

796 

3-4 

457-3 

+  -013 

+  •382 

845-080 

796 

796 

797 

2-6 

459-9 

+  -013 

+  •395 

937-812 

7Q7 

797 

798 

30 

462-9 

--002 

+  •393 

1047-761 

798 

798 

799 

4-0 

466-9 

+  -013 

+  •406 

993-449 

799 

799 

800 

20 

468-9 

--017 

+  •389 

956-424 

800 

800 

801 

2-7 

471-6 

-000 

+  •389 

927-855 

801 

801 

802 

2-6 

474-2 

+  -005 

+  •394 

902  167 

802 

802 

803 

2-8 

477  0 

--001 

+  •393 

904-758 

803 

803 

804 

40 

481-0 

-•006 

+  •387 

783-612 

804 

804 

805 

2-7 

483-7 

-•020 

+  •367 

697-298 

805 

805 

806 

3-8 

487-5 

+  005 

+  •372 

636-543 

806 

806 

93-E* 

21 

489-6 

+  -001 

+  •373 

616-301 

93-E* 

*The  elevation  of  bench-mark  93-E  given  on  page  184,  1916  publication,  is  617-119. 

For  connection  at  Port  Arthur  with  Hydrographic  Survey  bench-mark,  see  Introduction. 
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RESULTS  OF  PRECISE  LEVELLING 
JASPER,  ALTA.,  TO  LOOS,  B.C. 
Run  by  N.  H.  Smith  and  A.  J.  Rainboth 


Bench-Mark 

between 

0Uvy*^\Ji301  V  C 

bench- 
marks 

from 
28-D 

Discrepancy 

Elevation 
above 
mean 
sea  level 

B  E  NCH-M  ARK 

From 

To 

Partial 

Total 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

104-H 

565-3 

+  •361 

3483-531 

104-H 

104-H 

105-H 

2-7 

568-0 

-•010 

+  •351 

3504^151 

105-H 

105-H 

106-H 

30 

571-0 

-•014 

+  •337 

3544-618 

10&-H 

106-H 

107-H 

2-1 

573-1 

+  -008 

+  •345 

3577-810 

107-H 

107-H 

108-H 

3-7 

576-8 

+  •009 

+  •354 

3625-835 

108-H 

108-H 

109-H 

41 

580-9 

-•007 

+  •347 

3695-456 

109-H 

109-H 

110-H 

2-9 

583-8 

+  •010 

+  •357 

3700 • 530 

110-H 

110-H 

111-H 

30 

586-8 

+  •012 

+  •369 

3643^387 

111-H 

111-H 

112-H 

2-4 

589-2 

+  •008 

+  •377 

3585 • 783 

112-H 

112-H 

113-H 

7-1 

596-3 

—  •005 

+  •372 

3480-823 

113-H 

113-H 

114-H 

2-8 

599-1 

+  -007 

+  •379 

3429-085 

114-H 

114-H 

115-H 

2-9 

602-0 

+  -009 

+  •388 

3398-796 

115-H 

115-H 

116-H 

3-8 

605-8 

+  -004 

+  •392 

3401-944 

116-H 

116-H 

117-H* 

3-6 

609-4 

-•010 

+  •402 

3399-866 

117-H* 

il7-H* 

118-H 

2-1 

611-5 

—  -015 

+  •387 

3396-388 

118-H 

118-H 

119-H 

4-5 

616-0 

•000 

+  •387 

3171-898 

119-H 

119-H 

120-H 

4-3 

620-3 

-•018 

+  -369 

2979  -  400 

120-H 

120-H 

121-H 

2-4 

622-7 

--022 

+  -347 

2855-384 

121-H 

121-H 

122-H 

3-6 

626-3 

--005 

+  -342 

2678-376 

122-H 

122-H 

123-H 

2-5 

628-8 

—  -009 

+  •333 

2555-876 

123-H 

123-H 

124-H 

2-8 

631-6 

+  •007 

+  •340 

2445-614 

124-H 

1^0— xl 

70 

638-6 

—  005 

+  ^335 

2404  -  906 

125-H 

125-H 

126-H 

7-4 

646-0 

+  •006 

+  •341 

2520-014 

126-H 

126-H 

127-H 

6-5 

652-5 

-•008 

+  •333 

2568-628 

127-H 

127-H 

128-H 

5-4 

657-9 

+  •010 

+  •343 

2497-190 

128-H 

128-H 

129-H 

3-9 

661-8 

+  •002 

+  •345 

2418-920 

129-H 

129-H 

130-H 

30 

664-8 

+  •020 

+  •365 

2366-936 

130-H 

ISO-H 

131-H 

7-8 

672-6 

+  •021 

+  •386 

2371-772 

131-H 

131-H 

132-H 

2-5 

675-1 

+  •023 

+  •409 

2353-574 

132-H 

132-H 

133-H 

4-8 

679-9 

+  •008 

+  •417 

2341-379 

133-H 

133-H 

134-H 

6-4 

686-3 

+  •006 

-•411 

2314-920 

134-H 

134-H 

135-H 

4-4 

690-7 

-•012 

+  •399 

2295-988 

135-H 

135-H 

136-H 

2-7 

693-4 

+  •001 

+  •400 

2251-664 

13&-H 

136-H 

137-H 

4-9 

698-3 

+  •010 

+  •410 

2205-864 

137-H 

137-H 

138-H 

1-9 

700-2 

+  •002 

+  •412 

2199-250 

138-H 

138-H 

139-H 

7-3 

707-5 

+  •009 

+  •421 

2155-523 

139-H 

*See  also  elevation  of  this  bench-mark  on  page  44. 
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ABBOTSFORD  TO  RESPLENDENT,  B.C. 
Run  by  D.  McMillan  and  A.  J.  Rainboth 


Bench-Mark 

Distance 

Distance 

Discrepancy 

between 

from 

Elevation 

successive 

bench- 

above 

Bench-Mark 

bench- 

mark 

mean 

From 

1  O 

marks 

OC  T 

zo-J 

x^artiai 

Total 

sea  level 

T\.T/-k 
iNO. 

IN  O. 

Miles 

Miles 

r  eet 

r  eet 

Feet 

No. 

25-J 

172^075 

25-J 

25^ 

28-J 

1-3 

1-3 

-t--006 

+  -006 

88^025 

28-J 

oo  T 

zy— J 

2-6 

3-9 

—  -UUo 

1  AAO 

"i-  -  UUo 

37^718 

29-J 

on  T 

6U—J 

2-4 

6-3 

A1  7 

A1  A 

 U14 

17^432 

30-J 

Qn  T 

Q1  T 

ol— J 

3-7 

100 

1  nno 

1    ni  o 
-p  •Viz 

35 • 049 

31-J 

31-J 

32-J 

4-6 

14-6 

-t--003 

-009 

35  980 

S2-J 

32-J 

33-J 

40 

18-6 

-f-011 

+  -002 

34-785 

33-J 

oo— J 

Qzl  T 
o4— J 

3-8 

22-4 

"t"  -  UUo 

1  AAC 

-f-  -  UUO 

30-754 

34-J 

oO— d 

0-6 

23  0 

1    ni  1 
-f-  -Ull 

1    ni  a 
-T  -UID 

35-441 

35-J 

34-J 

36-J 

7-6 

300 

+  -007 

+  -012 

47-730 

36-J 

36-J 

37-J 

5-8 

35-8 

--014 

--002 

80-901 

37^ 

T 

oi—J 

oo— J 

2-4 

38-2 

-UUU 

—  -uuz 

79-331 

38-J 

9fi  T 
oo— J 

oy— J 

3-4 

41-6 

1  ,r\i  A 
-jr  -U14 

1  mo 
-p  •  Ul/ 

95-819 

39-J 

QQ  T 

4U— J 

5-7 

47-3 

rtl  0 

Ann 
•UUU 

112-671 

Af\  T 

40-J 

40-J 

41-J 

1-5 

48-8 

-t--004 

+  -004 

117-488 

41-J 

41-J 

42-J 

4-8 

53-6 

-Oil 

--007 

150-948 

42^ 

AO  T 

4o-J 

1-9 

55-5 

—  -  UUo 

—  -UIO 

137-713 

43-J 

4  J  T 

44— J 

2-8 

58-3 

1  noi 
-p •VZL 

1  .nnc 
-f-  UUO 

147-338 

44-J 

40— J 

4-6 

62-9 

—  -  UUO 

nnn 
•UUU 

171-364 

AT  T 

45-J 

45-J 

4&-J 

3-8 

66-7 

-014 

-014 

182-877 

46-J 

46-J 

47-J 

4-9 

71-6 

--014 

--028 

212-997 

47-J 

4/— J 

4o— J 

3-2 

74-8 

-f-  -Ulo 

—  -UlO 

243-892 

48-J 

AO  T 

4y— J 

3-5 

78-3 

 UUO 

noi 
—  •  UZl 

282-546 

49^ 

AO  T 

ly— J 

oV—J 

1-3 

79-6 

—  -uuy 

A/fn 
—  -U4U 

oon  nco 

289 • 062 

rn  T 

50-J 

50-J 

51-J 

3-5 

83-1 

-I--020 

-020 

349^178 

51-J 

51-J 

52-J 

3-2 

86-3 

+  •031 

+  011 

397  961 

52-J 

f;o  T 

K'i  T 
OO-J 

3-3 

89-6 

—  -  uuy 

1  nno 

-f-  -uuz 

389-617 

53-J 

Oo— J 

04— J 

3-7 

93-3 

-f-  -UUl 

-f-  -  UUo 

427-126 

54-J 

T 

04— J 

OO-J 

10 

94-3 

—  -UU/ 

nnA 
—  •UU4 

,4  oo    1  OA 

432-189 

re  T 

55-J 

55-J 

56-J 

3-9 

98-2 

+  -027 

+  •023 

461-156 

56^ 

56-J 

57-J 

3-6 

101-8 

-013 

+  010 

512-028 

57-J 

Oi—o 

f;8  T 
Oo— J 

5-3 

107-1 

1  Aon 

-f-  •vzy 

1  n9A 

-f-  •Uc>y 

573-731 

58^ 

1^8  T 
Oo-J 

oy— J 

3-7 

110-8 

-|--006 

L   n,i  K 
-j-  •U40 

602-930 

59-J 

T 

oy-j 

ou-j 

3-6 

114-4 

+  -031 

+  •076 

597  -  075 

60-J 

6(KJ 

61-J 

3-7 

118-1 

-014 

+  •062 

598-790 

61-J 

61-J 

62-J 

5-2 

123-3 

-(-•027 

+  •089 

559  634 

62^ 

flO  T 

DO-J 

10 

124-3 

—  010 

+  ^079 

561^813 

63-J 

«0  T 

t:A  T 

6-3 

130-6 

—  -019 

+  ^060 

618  950 

64-J 

itA  T 

04— J 

oO-J 

31 

133-7 

+  -014 

+  -074 

647^670 

65-J 

65-J 

66-J 

7-8 

141-5 

+  -014 

+  -088 

713-987 

66-J 

66-J 

67-J 

4-6 

146- 1 

+  -021 

+  -109 

735-423 

67-J 

67-J 

68-J 

0-9 

147-0 

+  -014 

+  •095 

745-330 

68-J 

68-J 

69-J 

31 

150-1 

+  -001 

+  •096 

768-917 

69-J 

69-J 

70-J 

3-8 

153-9 

-013 

+  •083 

831-549 

70-J 

7(KJ 

71-J 

8-1 

162  0 

--001 

+  •082 

893-727 

71-J 

71^ 

72-J 

2-5 

164-5 

--006 

+  •076 

890-583 

72-J 

72^ 

73-J 

21 

166-6 

--008 

+  •068 

924^677 

73-J 

73^ 

74-J 

4-8 

171-4 

-I--026 

+  094 

978-222 

74-J 

74-^ 

75-J 

2-9 

174-3 

+  •017 

+  •111 

988-498 

75-J 

75^ 

76-J 

1-5 

175-8 

+  •005 

+  •116 

1005-848 

76-J 

76-J 

77-J 

5-4 

181-2 

-•037 

+  •079 

1032-369 

77-J 

77-J 

78-J 

5-4 

186-6 

+  •026 

+  •105 

1070  835 

78-J 

78^ 

79-J 

0-8 

187-4 

+  •008 

+  •113 

1082-247 

79^ 

79-J 

80-J 

5-2 

192-6 

+  004 

+  •117 

1128-700 

80-J 
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RESULTS  OF  PRECISE  LEVELLING 


ABBOTSFORD  TO  RESPLENDENT,  B.C.— Continued 
Run  by  D.  McMillan  and  A.  J .  Rainboth 


Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
25-J 

Discrepancy 

Elevation 
above 
mean 

sea  level 

Bench-Mark 

From 

To 

Partial 

Total 

No. 

No. 

Miles 

Miles 

Feet 

P'eet 

Feet 

No. 

80-J 

81-J 

30 

195-6 

-003 

+  114 

1176-509 

81-J 

81-J 

82-J 

9.Q 

z  y 

loo  o 

+  -Oil 

+  •  125 

1  1  79  .  0*^9 
1 1 <  z  uoz 

89  T 

oz— J 

82-J 

83-J 

2-6 

2011 

-h  -016 

+  •  141 

1173  146 

83-J 

83-J 

84-J 

4-8 

205-9 

—  -033 

+  •  108 

1170412 

84-J 

84-J 

85-J 

5-3 

211-2 

+  -015 

+  - 123 

1175  534 

85-J 

85-J 

86-J 

7-0 

218-2 

+  -009 

+  ■  132 

1136526 

86-J 

86-J 

on  T* 

3-5 

221-7 

—  033 

+  -099 

1141716 

87- J* 

87-J* 

88-J 

4-9 

226-6 

-027 

+  - 126 

1159  043 

88-J 

88-J 

89-J 

71 

233-7 

-000 

+  ■  126 

1177-377 

89-J 

89-J 

90-J 

5-3 

239  0 

+  -030 

+  •156 

1266-973 

90-J 

90-J 

91-J 

3-9 

242-9 

+  015 

+  •171 

1188-508 

91-J 

91-J 

92-J 

5-3 

248-2 

+  -004 

+  •  175 

1211-247 

92-J 

no  T 

93-J 

3-3 

251-5 

+  -013 

+  •  188 

1225-266 

93-J 

93-J 

94-J 

O  5 

ZOO  o 

1  AflT 

+  -OU/ 

+  •  195 

1Z4D  uyo 

94— J 

94-J 

95-J 

2-9 

258-2 

+  •005 

+  •200 

1251-204 

95-J 

nc  T 

yo-j 

9  6- J 

3-3 

261-5 

+  -016 

+  •216 

1257  770 

96-J 

n«  T 

yo-j 

07  T 

y/-J 

41 

265-6 

—  -019 

+  •  197 

1262  681 

97-J 

f\'7  T 

98-J 

5-5 

271-1 

+  -033 

+  ^230 

1264-481 

98-J 

no  T 

yo-J 

nn  T 

yy-j 

"i .  "i 

o  o 

071.1 

+  -027 

+  ^257 

izoi  04y 

QQ—T 

99-J 

100-J 

3-5 

277-9 

+  014 

+  •271 

1278-476 

100-J 

100- J 

101-J 

3-4 

281-3 

+  -021 

+  ^292 

1293-026 

101-J 

101-J 

102-J 

4-3 

285-6 

—  -020 

-j-  ^272 

1295-472 

102-J 

102-J 

103- J 

3-7 

289-3 

—  -008 

-}-  -264 

1312-423 

103-J 

103- J 

1  f\A  T 

104-J 

o  1 

909.4. 

zyz  - 1 

+  -019 

+  -283 

iOoU • 4Z0 

104.-1 

104-J 

105-J 

2-9 

295-3 

+  -002 

+  •285 

1350-297 

105-J 

105-J 

106-J 

4-4 

299-7 

+  -019 

+  •304 

1384-110 

106-J 

106-J 

107-J 

3-5 

303-2 

—  -028 

+  •276 

1443-269 

107-J 

1  n'7  T 

108-J 

2-7 

305-9 

+  -027 

+  ^303 

1497-445 

108-J 

108-J 

109-J 

o  t 

ouy  •  o 

+  -  Oil 

+  •314 

1  f^lH  . 
lOoo • O4o 

109-J 

110-J 

31 

312-4 

+  -022 

+  •336 

1602-868 

110-J 

110-J 

111-J 

1-9 

314-3 

+  005 

+  •341 

1634  169 

111-J 

111  T 

111-J 

112-J 

3-8 

318-1 

+  -007 

+  ^348 

1691^549 

112-J 

112-J 

113-J 

3-5 

321-6 

+  •002 

+  ^350 

1745-800 

113-J 

11 3- J 

114-J 

6  •  Z 

oZ4  -  o 

+  -018 

+  •368 

1  770  01/1 

lily  - Z14 

114.  T 
1 14— J 

114-J 

115-J 

3-9 

328-7 

+  •012 

+  •380 

1862-343 

115-J 

115-J 

116-J 

5-5 

334-2 

—  015 

+  •365 

1897-159 

115-J 

116-J 

11 7- J 

4-8 

339-0 

+  ^035 

+  •400 

1934-640 

117-J 

11 7- J 

118-J 

3-5 

342-5 

+  010 

+  •410 

1996917 

118-J 

11 8- J 

119-J 

Z  •  o 

o40  -  o 

+  -034 

+  ^444 

nc\A  1  7on 
ZU41  •  i\)y 

1 1  Q_T 

1  ly— J 

119-J 

120-J 

30 

348-3 

+  •015 

+  •459 

2085  193 

120-J 

120-J 

121-J 

31 

351-4 

-029 

+  •430 

2140-346 

121-J 

121-J 

122-J 

2-9 

354-3 

+  •025 

+  •455 

2185-487 

122-J 

122-J 

123-J 

31 

357-4 

-•009 

+  •446 

2202-932 

123-J 

123-J 

124-J 

41 

361-5 

-007 

+  •439 

2233-474 

124-J 

124-J 

125-J 

01 

361-6 

-003 

+  ■436 

2233-499 

125-J 

125-J 

126-J 

1-4 

363-0 

+  010 

+  •446 

2232-570 

126-J 

126- J 

127-J 

4-9 

367-9 

+  •012 

+  •458 

2235-096 

127-J 

127-J 

128-J 

2-9 

370-8 

+  •027 

+  •485 

2258-472 

128-J 

128-J 

129-J 

3-9 

374-7 

-036 

+  •449 

2267  949 

129-J 

129-J 

130-J 

2-6 

377-3 

+  007 

+  •456 

2287  042 

130-J 

130-J 

131-J 

2-8 

380-1 

+  012 

+  •468 

2308-285 

131-J 

131-J 

132-J 

3-5 

383-6 

-028 

+  -440 

2342315 

132-J 

132-J 

133-J 

2-8 

386-4 

+  -001 

+  -441 

2409  075 

133-J 

133-J 

134-J 

31 

389-5 

+  003 

+  -444 

2502  853 

134-J 

*See  also  elevation  of  this  bench-mark  on  page  45. 
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RESULTS  OF  PRECISE  LEVELLING 
ABBOTSFORD  TO  RESPLENDENT,  B.C.— Concluded 
Run  by  D.  McMillan  and  A.  J.  Rainboth 


Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
25-J 

Discrepancy 

Elevation 
above 
mean 
sea  level 

Bench-Mark 

From 

To 

Partial 

Total 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

134- J 

135-J 

2-8 

392-3 

--024 

+  -420 

2595-741 

135-J 

135-J 

136-J 

2-2 

394-5 

-I--009 

+  •429 

2669-167 

136-J 

136-J 

137-J 

5-6 

400-1 

--024 

+  •405 

2829-511 

137-J 

137-J 

138-J 

4U/  -  O 

+  •002 

+  •407 

OQCe  AQ'7 

loo— J 

138-J 

139-J 

21 

404-4 

-l-Oll 

+  •418 

2826-141 

139-J 

139-J 

140-J 

2-7 

407-1 

-f--010 

+  -408 

2785-663 

UO-3 

140-J 

141-J 

3-8 

410-9 

-i--003 

+  -411 

2719^456 

141-J 

141-J 

142-J 

2-6 

413-5 

•000 

+  -411 

2687-284 

142-J 

142^ 

143^ 

7-2 

420-7 

--013 

+  -398 

2613-318 

143-J 

143-J 

144-J 

1-9 

422-6 

+  -010 

+  -408 

2624-094 

144-J 

144-J 

145-J 

3-6 

426-2 

+  -026 

+  -434 

2750-118 

145-J 

145-J 

146-J 

2-8 

429  0 

+  •019 

+  •453 

2822-580 

14&-J 

146-J 

147-J 

3-2 

432-2 

--Oil 

+  -442 

2922-567 

147-J 

147-J 

148-J 

2-8 

435-0 

+  -014 

+  -456 

3016-659 

148-J 

.  148-J 

149^ 

3-2 

438-2 

+  -028 

+  -484 

3100-449 

149-J 

149-J 

15(>-J 

2-8 

441-0 

•000 

+  -484 

3193-544 

150-J 

ISO-J 

151-J 

31 

444-1 

-•010 

+  •474 

3289-242 

151-J 

151-J 

152-J 

2-8 

446-9 

-000 

+  -474 

340M06 

152-J 

152-J 

153-J 

3-2 

450- 1 

+  -002 

+  -476 

3408-634 

153-J 

153-J 

117-H* 

450-1 

--002 

+  -474 

3399-817 

117-H* 

*See  also  elevation  of  this  bench-mark  on  page  41. 


RESULTS  OF  PRECISE  LEVELLING 
REVELSTOKE  TO  KAMLOOPS,  B.C. 
Run  by  D.  McMillan 


Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
51-D 

Discrepancy 

Elevation 
above 
mean 
sea  level 

Bench-Mark 

From 

To 

Partial 

Total 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

314-C 

268-2 

+  -266 

1512-387 

314-C 

314-C 

315-C 

2-9 

271-1 

-000 

+  -266 

1602-967 

315-C 

315-C 

316-C 

3-2 

274-3 

+  -003 

+  -269 

1742-270 

316-C 

31&-C 

317-C 

2-7 

277-0 

+  -021 

+  -290 

1791-210 

317-C 

317-C 

318-C 

2-8 

279-8 

+  -002 

+  -292 

1642-759 

318-C 

318-C 

319-C 

2-8 

282-6 

+  •006 

+  •298 

1620-147 

319-C 

319-C 

320-C 

2-7 

285-3 

+  -005 

+  -293 

1481-555 

320-C 

320-C 

321-C 

0-7 

286-0 

+  •009 

+  •302 

1425  076 

321-C 

321-C 

322-C 

41 

290-1 

-000 

+  •302 

1325-728 

322-C 

322-C 

323-C 

1-1 

291-2 

-•007 

+  •295 

1276-419 

323-C 

323-C 

324-C 

2-3 

293-5 

+  •006 

+  •301 

1250-744 

324-C 

324-C 

325-C 

2-1 

295-6 

+  012 

+  •313 

1226-728 

325-C 

325-C 

326-C 

4-5 

300-1 

+  •017 

+  -296 

1199-427 

326-C 

32&-C 

327-C 

4-3 

304-4 

+  •003 

+  -299 

1173-813 

327-C 

327-C 

328-C 

3-3 

307-7 

+  •020 

+  -319 

1159-948 

328-C 
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RESULTS  OF  PRECISE  LEVELLING 
REVELSTOKE  TO  KAMLOOPS,  B.C.— Concluded 
Run  by  D.  McMillan 


Bench-Mark 

Distance 

Distance 

Discrepancy 

between 

from 

Elevation 

successive 

bench- 

above 

Bench-Mark 

bench- 

mark 

mean 

Erom 

To 

marks 

51-D 

Partial 

Total 

sea  level 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

328-C 

329-C 

3-4 

311  1 

+  -030 

+  •349 

115M30 

329-C 

329-C 

330-C 

0-6 

311-7 

— -005 

+  •344 

1151 •864 

330-C 

330-C 

331-C 

3-6 

315-3 

— -008 

+  •336 

11 55 •637 

331-C 

331-C 

332-C 

^1  Q  .4 

—  •025 

■+•311 

1  lOO  •  OD<j 

OO/— 

332-C 

333-C 

4-9 

324-3 

+  -009 

+  •320 

1 151 • 100 

333-C 

333-C 

334-C 

4-5 

328-8 

-•004 

+  •316 

1 164  •  388 

334-C 

334-C 

335-C 

1-8 

330-6 

—  •003 

-j-^313 

1161 • 178 

335-C 

335-C 

336-C 

1-4 

332-0 

—  •002 

-i--3ii 

1144-518 

336-C 

336-C 

337-C 

o  y 

ooo  y 

+  •004 

+  •315 

1 loo  yoD 

337-C 

338-C 

70 

342-9 

—  007 

+  •308 

1459-206 

338-C 

338-C 

339-C 

40 

346-9 

+  •011 

+  •319 

1708-263 

33&-C 

339-C 

34(>-C 

5-4 

352-3 

-015 

+  •304 

1409-301 

340-C 

340-C 

341-C 

6-2 

358-5 

—  •019 

+  •285 

1143-631 

341-C 

341-C 

342-C 

2- 1 

ODU  O 

+  •024 

+  •309 

1 1 1 o  oDo 

olZ— 

342-C 

343-C 

3-2 

363-8 

+  •010 

+  -319 

1144-836 

343-C 

343-C 

344-C 

21 

365-9 

+  •017 

+  •336 

1146-128 

344-C 

344-C 

345-C 

3-8 

369-7 

+  •006 

+  •342 

345-C 

346-C 

3-6 

373-3 

+  •002 

-•340 

1148-847 

346-C 

346-C 

347-C 

4-2 

377-5 

-013 

+  •327 

1156-219 

347-C 

347-C 

348-C 

1-4 

378-9 

+  009 

+  •336 

1151-083 

348-C 

348-C 

349-C 

3-3 

382-2 

-•020 

+  •316 

1146-333 

349-C 

349-C 

350-C 

20 

384-2 

+  •003 

+  •319 

1153-857 

350-C 

350-C 

351-C 

50 

389-2 

-•002 

+  •317 

1153-736 

351-C 

351-C 

352-C 

2-6 

391-8 

-•001 

+  •316 

1140-871 

352-C 

352-C 

353-C 

2-9 

394-7 

-•006 

+  •310 

1143-837 

353-C 

353-C 

354-C 

11 

395-8 

-•008 

+  •302 

1162^429 

354-C 

354-C 

355-C 

0-4 

396-2 

•000 

+  •302 

1 182^008 

355-C 

354-C 

87-J* 

3-5 

399-3 

-•009 

-•293 

1142^810 

87-J* 

*See  also  elevation  of  this  bench-mark  on  page  43. 


V 


TABLE  III 


RAIL  ELEVATIONS.  ROUSE  POINT.  N.Y.,  TO  SHERBROOKE,  QUE. 
(Elevations  taken  in  1915  and  1916) 

FEET 

Delaware  &  Hudson  Railroad — Rouse  Point   123  -2 

"  Rutland  railroad  (diamond  crossing)   121-0 

Napierville  Junction  Ry. — Grand  Trunk  railway,  Ottawa  division  (diamond  crossing)   142-4 

"  Lacolle   146-1 

Napierville....   184-7 

St.  Edouard   176-8 

LaTortue   133-5 

"  Delson   91-2 

Canadian  Pacific  Railway — Delson   91-8 

"  Grand  Trunk  railway  (diamond  crossing  at  Delson)   92-1 

Grand  Trunk  Railway — Laprairie   60-0 

"  Brosseau   59-4 

"  Montreal  and  Southern  Counties  (electric)  railway,  diamond  crossing. . .  63-5 

St.  Lambert   74-3 

St.  Hubert   89-7 

St.  Bruno   80-0 

St.  Bazile   61-3 

Beloeil   62-9 

"  Richelieu  river;  water,  Nov.  3,  1915,  20-8;  rail   65-7 

Otterburn  Park   70-0 

St.  Hilaire   83-9 

St.  Hilaire  East   100-0 

Ste.  Madeleine   116-9 

"  Quebec,  Montreal  and  Southern  railway  (diamond  crossing)   113-7 

St.  Hyacinthe   109-8 

"  Yamaska  river;  water.  May  16,  1916,  63-7;  rail   103-9 

"  Canadian  Pacific  railway,  St.  Guillaume  branch  (diamond  crossing  at 

Ste.  Rosalie  Junction)   110-5 

Ste.  Rosalie   113-5 

Britannia  Mills   220-9 

St.  Liboire   289-3 

Upton   202-3 

"  Black  river;  water,  May  29,  1916,  166-1;  rail   202-1 

Actonvale   310-5 

"  Canadian  Pacific  railway,  Drummondville  branch  (diamond  crossing).  317-6 

Danby   437-3 

South  Durham   607-4 

Lisgar   528-6 

Gore   534-8 

St.  Francis  river;  water,  June  19,  1916,  365-6;  rail   422-5 

Richmond   391-1 

Corris   402-4 

Morse   408  0 

Windsor  Mills   416-2 

Coney  Island   421-6 

Titus   427-2 

"  St.  Francis  river;  water,  July  5,  1916,  411-1;  rail   442-4 

Bromptonville   470-0 

"  Magog  river;  water,  July  7,  1916,  462-4;  rail   486-9 

Sherbrooke   484-9 


RAIL  ELEVATIONS,  STE.  ROSALIE  JUNCTION  TO  FARNHAM,  QUE. 
(Elevations  taken  in  1916) 

Canadian  Pacific  Railway — Grand  Trunk  railway  (diamond  crossing  at  Ste.  Rosalie  Junction)..  110-5 

St.  Hyacinthe  '   108-6 

St.  Pie   131-4 

Black  river;  water,  May  3,  1916,  109-0;  rail   132-0 

"                    Montreal  and  Southern  Counties  (electric)  railway,  diamond  cros- 
sing  208-8 

Abbottsford   208-6 

"  Papineau   211-7 

Canrobert   234-8 

Yamaska  river;  water.  May  6,  1916.  180-8;  rail   212-1 

"  Central  Vermont  railway  (diamond  crossing  at  Farnham)   208-6 
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RAIL  ELEVATIONS,  CHAUDIERE  TO  RICHMOND,  QUE. 
(Elevations  taken  in  1916) 

FEET 

Grand  Trunk  Railway — Chaudierc   237-1 

Craig  Road   338-2 

St.  Agapit   409-3 

Dosquet   448-0 

Lyster   449-3 

Becancour  river;  water,  Oct.  3,  1916,  429-5;  rail   449-4 

Ste.. Julie   477-9 

Plessisville   444-2 

"  Princeville   528-5 

Branch  Nicolet  river;  water,  Oct.  27,  1916,  475-4;  rail   501-2 

"  Victoriaville   433-4 

Nicolet  river;  water,  Oct.  21,  1916,  395-3;  rail   422-5 

Warwick   483-4 

"  Kingsey   446-6 

"  Southwest  branch  Nicolet  river;  water,  Oct.  30,  1916,  365-0;  rail   394-0 

Danville..   448-6 

St.  Cyr   484-3 

Richmond   391-1 


RAIL  ELEVATIONS,  MONTREAL  LOOP  LINE 
(Elevations  taken  in  1917) 

Grand  Trunk  Railway — St.  Lambert   74-3 

"  Victoria  bridge  (highest  point)   91-3 

"  Point  St.  Charles   52-9 

"  Lachine  canal;  water,  56-9;  rail   65-8 

St.  Henri   60-2 

Canadian  Pacific  Railway — Montreal,  Windsor  street  station   108-5 

"  Atwater  avenue  subway   132-6 

"  Westmount   151-7 

Montreal  West   158-1 

North  Junction   139-6 

"  St.  Luc  Junction   156-2 

"  C6te-des-Neiges   179-3 

"  Outremont   206-2 

Mile  End   222-7 

Angus   160-3 

"  Hochelaga   77-2 

"  Montreal,  Place  Viger  station   58-1 


RAIL  ELEVATIONS,  BRANTFORD  TO  LUCAN  CROSSING,  ONT. 
(Elevations  taken  in  1916) 

Grand  Trunk  Railway — Brantford   705-9 

"  Alford  (Harrisburg  branch)   717-6 

"  Harrisburg   736-7 

"  Branchton   895-3 

Gait  _   876-1 

"  Canadian  Pacific  railway,  main  line  (overhead  crossing)  rail  943-9; 

G.T.R.  rail   921-5 

"  Preston   925-9 

"  Gait,  Preston  &  Hespeler  (electric)  railway,  diamond  crossing   949-7 

Speed  river;  water,  June  13,  1916,  935-7;  rail   949-2 

"  Hespeler   943-4 

Gourock   1,059-6 

"  Guelph  Junction  (diamond  crossing)   1,075  -9 

Guelph   1,069-1 

"  Mosborough   1,084-9 

Breslau   1,025-1 

•        Grand  river;  water,  June  28,  1916,  962-4;  rail   1,012-0 

Kitchener   1,101-2 

"  Waterloo  (branch)   1,058-2 

Petersburg   1,211-9 

Baden   1,157-9 

"  New  Hamburg   1,128-0 

Nith  river;  water,  July  10,  1916,  1085-0;  rail   1,126-2 

"  Shakespeare   1,183-6 

Stratford   1,192-7 

St.  Pauls   1,165-7 

"  St.  Marys  Junction   1,083  -0 

St.  Marys  (branch)   1,055-3 
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RAIL  ELEVATIONS,  BRANTFORD  TO  LUCAN  CROSSING.  O^T.— Concluded. 

(Elevations  taken  in  1916) 


FEET 

Grand  Trunk  Railway— North  branch  Thames  river;  water,  July  27,  1916,  989-7;  rail   1,042-2 

"  Gran  ton   1,034-2 

"  Lucan   990-5 

"  Grand  Trunk  railway,  London-Wingham  line  (under  crossing)  rail 

861-6;  main  line,  rail   882-5 

"  Lucan  Crossing  (station)   861-6 


RAIL  ELEVATIONS,  GUELPH  JUNCTION  TO  PALMERSTON,  ONT. 
(Elevations  taken  in  1916) 

Grand  Trunk  Railway — Guelph  Junction  (diamond  crossing)   1075  •  9 

"  Canadian  Pacific  railway,  Guelph-Goderich  line  (diamond  crossing)   1112-4 

"  Harden   1131-5 

Elora   1295-6 

"  Grand  river;  water,  Aug.  14,  1916,  1236-6;  rail   1303-1 

"  Fergus   1355-8 

"  Canadian  Pacific  railway,  Elora  branch  (diamond  crossing)   1364-3 

Alma   1438-6 

"  Goldstone   1454-8 

"  Conestoga  river;  water,  Aug.  24,  1916,  1307-6;  rail   1351-4 

"  Drayton   1356-2 

"  Moorefield   1349-7 

"  Palmerston   1312-1 


RAIL  ELEVATIONS,  FERGUS  TO  MELVILLE,  ONT. 
(Elevations  taken  in  1916) 

Canadian  Pacific  Railway — Fergus   1360-1 

"  Grand  Trunk  railway,  Harrisburg-Southampton  line  (diamond 

crossing)   1364-3 

"  Spier   1394-5 

"  Grand  river;  water.  Sept,  2,  1916,  1351-0;  rail   1372-4 

"  Belwood   1419-5 

"  Orton   1451-7 

Hillsburgh   1418-6 

Erin   1293-7 

"  Cataract   1253-9 

Alton   1315-9 

"  Melville  (Streetsville  Junction  line)   1329-0 

"  Melville  (Toronto-Owen  Sound  line)   1328-7 


RAIL  ELEVATIONS,  PORT  DALHOUSIE  TO  PORT  COLBORNE,  ONT. 

Lake  Ontario;  water,  Sept.  28,  1916   245-6 

Grand  Trunk  Railway — Welland  canal  swing  bridge;  water,  317-9;  rail   323-5 

"  Merritton   397-4 

"  Port  Robinson   588-0 

Welland   599-4 

"  Welland  Junction  (diamond  crossing)   579-5 

"  Humberstone.   589-0 

"  Port  Colborne  (diamond  crossing)   583  -  0 

Lake  Erie;  water,  Oct.  5,  1916   571-3 


RAIL  ELEVATIONS,  FRANZ  TO  PORT  ARTHUR,  ONT. 
(Elevations  taken  in  1916) 

Canadian  Pacific  Railway — Algoma  Central  railway  (diamond  crossing  at  Franz)   1216-5 

Williams   1179-2 

"  Magpie  lake;  water,  May  12,  1916,  1129-4;  rail  (on  bridge)   1160-4 

Swanson   1160-8 

"  Grasett   1236-4 

Ryerson   1382-5 

Gird  wood   1432  0 

Tripoli   1411-7 

"  Amyot   1379-9 

Birch   1370-7 

"  White  river  (mileage  119-5  from  Chapleau);  water.  May  25,  1916, 

1298.0;  rail   1329-6 


Precise  Levelling  49 


RAIL    ELEVATIONS,  FRANZ  TO  PORT  ARTHUR,  O'^T.— Continued. 
(Elevations  taken  in  1916) 

FEET 

Canadian  Pacific  Railway— O'Brien   1438-3 

Depew   1317-5 

White  river  (mileage  129-1  from  Chapleau);  water,  June  1,  1916, 

1241-0;  rail   1260-5 

"  White  river  (mileage  129-6  from  Chapleau);  water,  June  1,  1916, 

1237-2;  rail   1249-7 

"                     White  River  (station)   1223-2 

"                     Denison   1175-1 

"  White  river  (mileage  12-2  from  White  River);  water,  June  12,  1916, 

1136-3;  rail   1146-8 

"                      Bremner   1148-5 

"                     Bremner  river;  water,  June  14,  1916,  1121-7;  rail   1132-4 

King   1077-9 

"  White  river  (mileage  24-6  from  White  River);  water,  June  15,  1916, 

1069-9;  rail   1079-0 

Trudeau   1038-5 

"                      Struthers  -. . . .  1032-2 

"  Cedar  river  (mileage  33-9  from  White  River);  water,  June  23,  1916, 

1025-6;  rail   1035-4 

•  "                     Hemlo   970-5 

"                     Pringle   880-1 

Melgund   813-1 

"                     Black  river;  water,  July  6,  1916,  756-2;  rail   802-8 

"                      Pic  river;  rail  on  bridge   687-4 

"                      Heron  Bay   707-8 

"                     Craigs   699-7 

"                     Peninsula   703-2 

"                     Angler   703-4 

Coldwell   711-3 

"                     Neys   855-2 

"                     Little  Pic  river;  rail  on  bridge   693-1 

"                     Middleton   687-9 

"                     Ripple   666-6 

Steel   737-6 

"                     Steel  river;  water,  July  25,  1916,  609-8;  rail   674-2 

"                      San  toy   702-5 

Jackfish   633-2 

"                     Noslo   693-6 

"                     Blacks   893-8 

"                     Black  river;  water,  Aug.  15,  1916,  817-8;  rail   888-0 

"                     Schreiber   992-9 

"                     Horn   863-1 

"                     Winston   762-4 

"                     Selim   718-3 

"                     Rossport   644-6 

"                     Pays  Plat  river;  water  (Lake  Superior) ,  Aug.  18, 1916,  602  - 1 ;  rail   608  1 

Pays  Plat   620-2 

"                     Cavers   642-2 

"                     Gravel   618-8 

"                     Gravel  river;  Water  (Lake  Superior),  Aug.  30,  1916,  602-1;  rail   621-3 

"                     Gurney   608-3 

"                      Dublin   687 -9 

"                      Kama   644-5 

"                      Ozone   627-3 

Fire  Hill   605-9 

Ruby   691-4 

"                      Nipigon  river;  water,  Sept.  13,  1916,  605-2;  rail   685-5 

"                      Canadian  Northern  railway  (under  crossing)  rail  619-2;  C.P.R.  rail  685-5 

"                     Nipigon   679-3 

Red  Rock   638-2 

"                     Spruce  wood   690-1 

Black  Sturgeon  river;  water,  Sept.  22,  1916,  612-6;  rail   667-3 

Coglin   669-3 

"                      Hurkett   606-8 

"                     Wolf  river;  water,  Sept.  23,  1916,  608-8;  rail   627-0 

"                      Dorion   677-1 

"                     Ouimet   740-5 

Bowker   774-4 

*\                    Pearl   845-5 

"                      Pearl  river;  rail  on  bridge   848-7 

"                      Loon   1048-4 

"                     Mackenzie  river;  water,  Oct.  3,  1916,  985-4;  rail   996-9 

Beck   957-1 

"                     Mackenzie   913-7 

"                     Navilus   762-7 
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RAIL  ELEVATIONS,  FRANZ  TO  PORT  ARTHUR,  O^T .—Concluded. 
(Elevations  taken  in  1916) 


FEET 

Canadian  Pacific  Railway — Current  River  (station)   639-6 

Current  river;  water,  Oct.  14,  1916,  625-3;  rail   638-0 

Port  Arthur   613-7 

Lake  Superior;  water,  Oct.  17,  1916   602-0 


RAIL  ELEVATIONS,  JASPER,  ALTA.  TO  LOOS,  B.C. 

(Elevations  taken  in  1916  and  1917) 

Grand  Trunk  Pacific  Ry. — Jasper   3469-7 

"  Miette  river  (mileage  1035-2  from  Winnipeg);  water,  Aug.  15,  1916, 

3555-9;  rail   3580-5 

"  Geikie   3588-4 

"  Miette  river  (mileage  1038-8  from  Winnipeg);  water,  Aug.  17,  1916, 

3613-5;  rail   3625-2 

"  Miette  river  (mileage  1044-4  from  Winnipeg);  water,  Aug.  18,  1916, 

3704-0;  rail   3719-3 

"  Interprovincial  boundary,  Alberta-British  Columbia   3722-0 

Yellowhead   3717-1 

"  Lucerne   3639-8 

"  Alpland   3539-7 

"  Grant  Brook   3471-3 

"  Moose  river;  water,  Aug.  29,  1916;  3416-9;  rail   3431-8 

"  Rainbow   3399-8 

"  Resplendent   3404-4 

"  Eraser  river;  water,  Aug.  30,  1916,  3360-9;  rail   3400-4 

"  Mount  Robson   3115-0 

"  Swiftwater   2827-2 

Albreda   2655-3 

"  McLennan  river;  water,  Sept.  11,  1916,  2409-7;  rail   2449-7 

"  TgteJaune   2402-5 

Shere   2418-8 

"  Croydon   2525-1 

Dunster  ,   2568-2 

Raush  Valley   2452-5 

"  Raushuswap  river;  water,  Sept.  27,  1916,  2329-8;  rail   2420-9 

Eddy   2363-2 

McBride   2368-4 

Legrand   2314-9 

Rider   2237-2 

Rooney   2198-4 

Loos   2162-3 


RAIL  ELEVATIONS,  ABBOTSFORD  TO  RESPLENDENT  AND  RAINBOW,  B.C. 

(Elevations  taken  in  1915,  1916  and  1917) 

Canadian  Pacific  Railway — Abbotsford   87-8 

"  British  Columbia  Electric  railway  (diamond  crossing)   24-1 

Clayburn   21-6 

Matsqui   23-9 

**  Canadian  Northern  railway,  main  line  (diamond  crossing)   23-1 

Canadian  Northern  Railway— Matsqui   21-7 

Sumas   34-3 

Arnold  .  28-9 

"  British  Columbia  Electric  railway  (diamond  crossing  near  Chil- 

liwack)   29-3 

"  Rosedale   51-7 

CheamView   99-8 

St.  Elmo   94-2 

*'  Kettle  Vallej'  railway  (diamond  crossing  near  Hope)   162-3 

Coquihalla  river;  water,  Oct.  15,  1915,  150  0;  rail   163-4 

Yale   218-2 

Chapman   357-4 

Anderson  river;  water.  May  13,  1916,  324-3;  rail   436-7 

Boston  Bar   452-7 

Falls  Creek   605-9 

"  Canadian  Pacific  railway,  main  line  (under  crossing)  rail  541-8; 

C.N.R.  rail   602-9 

"  Fraser  river  (mileage  103-9  from  Kamloops  Junction);  water. 

May  29,  1916,  432;  rail   602-9 

"  Fraser  river    (mileage  98-3   from  Kamloops  Junction);  water. 

May  29.  1916.  456-3;  rail   562-6 

Lytton  .*   565-3 
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RAIL  ELEVATIONS,  ABBOTSFORD  TO  RESPLENDENT  AND  RAINBOW,  \^.C— Concluded. 

(Elevations  taken  in  1915,  1916  and  1917) 

FEET 


Canadian  Northern  Railway— Thompson  river  (mileage  97-5  from  (Kamloops  Junction);  water 

May  30,  1916,  462  0;  rail   566-3 

Seddell   699-3 

"  Spence  Bridge   741-8 

"  Thompson  river  (mileage  59-7  from  Kamloops  Junction);  water, 

June  21,  1916,  862-7;  rail   898-5 

Basque   901-8 

"  Thompson  river  (mileage  55  0  from  Kamloops  Junction);  water, 

June  22,  1916,  897-0;  rail   928-0 

Ashcroft     992-5 

"  Thompson  river  (mileage  47-3  from  Kamloops  Junction);  water, 

June  23,  1916,  971-2;  rail   991-9 

"  Thompson  river  (mileage  45-8  from  Kamloops  Junction);  water, 

June  24,  1916,  979-7;  rail   1008-0 

McAbee  ^   1032-9 

"  Thompson  river  (mileage  34-1  from  Kamloops  Junction);  water, 

Julv  3,  1917,  1060-7;  rail   1085-2 

Walhachin   1085-5 

"  Thompson  river  (mileage  28-9  from  Kamloops  Junction);  water, 

July  4,  1916,  1104-2;  rail   1132-2 

"  Savona   1174-1 

Copper  Creek   1171-8 

Tranquille   1183-4 

Mytton   1152-8 

North  Thompson  river;  water,  July  18,  1916,  1125-2;  rail   1155-1 

"  Kamloops  Junction   1153-2 

St.  Paul   1176-4 

Vinsulla   1185-5 

McLure   1187-8 

"  Louis  Creek  (station)   1236-1 

"  Louis  creek;  water.  May  7,  1917,  1233-5;  rail   1242-3 

Barriere   1247-9 

"  Barriere  river;  water.  May  7,  1917,  1228-3;  rail   1246-0 

Chinook  Cove   1252-1 

Chu  Chua   1275-7 

Mount  Olie   1267-2 

Boulder   1286-4 

Blackpool   1302-7 

"  Clearwater   1329-4 

Birch  Island   1385-8 

"  North  Thompson  river,  Birch  Island  bridge;  water  (southerly 

channel)  May  30,  1917,  1389-6;  rail   1405-7 

water  (northerly  channel)  May  30,  1917,  1396-5;  rail   1425-9 

"  Vavenby   1537-6 

"  Irvine   1633-4 

"  North  Thompson  river;  water,  June  4,  1917,  1612-3;  rail   1681-1 

McMurphy   1785-7 

"  North  Thompson  river;  water,  June  12,  1917,  1851-7;  rail   1868-7 

Avola   1896-7 

"  Messiter   2079-4 

"  Wolfenden   2169-4 

Trout  Creek   2189-9 

"  Blue  River  (station)   2236-9 

Blue  river;  water,  July  5,  1917,  2211-2;  rail   2228-9 

Thunder  river;  water,  July  6,  1917,  2248-0;  rail   2259-2 

NorthThompson  river;  water,  July  10,  1917,  2244-3;  rail   2260-1 

"  Thunder  River  (station   2258-7 

"  Pyramid   2304  •  3 

"  Lempriere   2440-7 

"  Clemina   2744-8 

"  Albreda   2866-1 

"  Canoe  River   2723-3 

"  Swift  Creek   2602-2 

"  Jackman   2818-3 

"  Morey   3059-3 

"  Mount  Robson   3258-3 

"  Resplendent   3417-9 

"  Fraser  river;  water,  Aug.  13,  1917,  3386-4;  rail   3408-1 

"  Rainbow   3400-6 
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RAIL  ELEVATIONS,  REVELSTOKE  TO  KAMLOOPS,  B.C. 
(Elevations  taken  in  1916) 


FEET 

Canadian  Pacific  Railway — Revelstoke   1496-7 

Columbia  river;  water,  Aug.  1,  1916,  1438;  rail   1479  0 

Three  Valley   1638-8 

"  Eagle  river  mileage  15-44  from  Revelstoke);  water,  Aug.  8,  1916, 

1616-3;  rail   1625-2 

"  Eagle  river  (mileage  17-9  from  Revelstoke);  water,  Aug.  8,  1916, 

1488-7;  rail.   1503-0 

"  Crazy  creek  (mileage  24-2  from  Revelstoke);  water,  Aug.  9,  1916, 

1272-8;  rail   1281-6 

Taft   1281-5 

"  Eagle  river  (mileage  24-8  from  Revelstoke);  water,  Aug.  9,  1916, 

1255-4;  rail   1266-5 

"  Eagle  river  (mileage  26-0  from  Revelstoke);  water,  Aug.  10,  1916, 

1241-6;  rail   1253-0 

"  North  fork,  Eagle  river  (mileage  26-5  from  Revelstoke);  water, 

Aug.  10,  1916,  1243-3;  rail   1256-1 

"  Craigellachie   1226-9 

"  Eagle  river  (mileage  31-5  from  Revelstoke);  water,  Aug.  11,  1916, 

1196-5;  rail   1214-4 

"  Malakwa   1215-9 

"  Eagle  river  (mileage  33-0  from  Revelstoke);  water,  Aug.  12,  1916, 

1189-9;  rail   1206-5 

"  Eagle  river  (mileage  37-25  from  Revelstoke);  water,  Aug.  19,  1916, 

1159-8;  rail   1179-5 

"  Eagle  river  (mileage  40-6  from  Revelstoke);  water,  Aug.  19,  1916, 

1150  0;  rail   1167-2 

Solsqua.   1164-5 

"  Eagle  river  (mileage  44-0  from  Revelstoke);  water,  Aug.  21,  1916, 

1138-5;  rail   1158-2 

"  Sicamous  narrows;  water  Aug.  21,  1916,  1137-5;  rail   1156-0 

"  Sicamous   1155-4 

"  Canoe   1153-5 

Salmon  Arm   1159-6 

"  Salmon  river;  water,  Sept.  1,  1916,  1138-8;  rail   1151-3 

Tappen   1159-5 

Carlin   1423-1 

Notch  Hill   1692-4 

Elson   1485-7 

Chase   1184-6 

Shuswap   1154-9 

Pritchard   1152-2 

Duck   1156-2 

"  Kamloops   1160-7 
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ALPHABETICAL  LLST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED. 


Note. — Under  "Year  of  Publication," 

1912  refers  to  Vol.  I,     No.  2*,  "  Publications  of  the  Dominion  Observatory." 

1913  "       Vol.  I,    No.  3, 

1914  "       Vol.1,    No.  8, 

1915  "       Vol.  II,   No.  1. 

1916  "       Vol.  Ill,  No.  6, 

1917  "       Vol.  Ill,  No.  8, 

1918  "       refers  to  the  present  publication. 


Year  of 

Place 

B.M.  Number 

Publication 

Description 

Elevation 

Abbotsford,  B.C  

Abbottsford,  Que  

Abercorn,  Que  

Acton  vale,  Que  

Adam.sville,  Que  

Ailsa  Craig,  Ont  

Alameda,  Sask  

Albert  Canyon,  B.C. . .  . 

Alcove,  Que  

Aldergrove,  B.C  , 

Algoma,  Ont  

Alix,  Alta  

AUenford,  Ont  

Alliston,  Ont  

Almonte,  Ont  

Alton,  Ont  

Amherst,  N.S  

Andover,  N.B  

Antigonish,  N.S  

Apohaqui,  N.B  

Appin,  Ont  

Apple  Hill,  Ont  

Ardendale,  Ont  

Adrossan,  Alta  

Argyle,  N.S  

Arnprior,  Ont  

Aroostook,  N.B  

Artland,  Sask  

Ashcroft,  B.C  

Asquith,  Sask  

Athalmer,  B.C  

Atwood,  Ont  

Auburn,  N.S  

Avondale,  N.S  

Avonmore,  Ont  

Ayers  Cliff,  Que  

Aylesbury,  Sask  

Azilda,  Ont  

Baden,  Ont  

Baker  Brook,  N.B  

Bala,  Ont  

Banff,  Alta  

Barons,  Alta  

Barrington,  N.S  

Barrington  Passage,  N.S 

Barrys  Bay,  Ont  

Bashaw,  Alta  
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61-F,  62-F 
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172-B,  173-B 
115-B 
240 
100 
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55-H 
457-B 
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41-  B 
28-H 

74-  J 
5-H 
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487-B 

167-B 
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28-A-2,  29 
14-D 
457 


101-F 
264-B 
408 

240-C,  241-C 
7fr-D,  77-D 


444-B 
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65-F 
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1918 
1917 
1918 
1917 
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1916 
1916 
1916 
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1915 
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1916 
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1917 
1913 
1913 
1914 


1918 
1917 
1913 
1916 
1915 
1915 
1915 
1915 
1916 


Page 
23 
11 
282 
9 
281 
220 
69 
270 
218 
170 
156 
165 
60 
64 
250 
17 
146 
277 
47 
44 
56 
285 
256 
163 
13 
250 
277 
20 
26 
19 
265 
61 
148 
47 
285 
48 
72 
225 


15 
247 
66 
167 
25 
12 
12 
16 
165 


*The  bench-mark  numbers  in  this  publication  (Yukon  levelling)  follow  a  series  independent  of  those  in  the  later  publi- 
cations; in  order  to  distinguish  them  they  are  printed  in  italics  in  the  "B.M.  Number"  column. 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Con^ini/ed. 


Place 

B.M.  Number 

Year  of 
Publication 

Description 

Elevation 

Page 

Page 

Bath,  N.B  

35-B 

1917 

276 

314 

Bayfield,  N.S  

177-B 

1913 

48 

75 

Beamsville,  Ont. 

204 

1913 

63 

85 

Beaudette,  Minn  

16-E 

1914 

226 

239 

Beavermouth,  B.C  

284-C 

1917 

269 

309 

Bedford,  Que  

66 

1917 

282 

318 

Bedford,  N.S  

506-B 

1916 

144 

171 

Beecher  Falls,  Vt.. 

562-B 

1916 

153 

180 

Bee  ton,  Ont    

379 

1913 

64 

86 

Beiseker,  Alta  

48-F 

1916 

164 

187 

Belgrave,  Ont  

316 

1913 

61 

83 

Bellamy,  Ont  

101-G 

1917 

252 

298 

Belle  River,  Ont  

252 

1913 

57 

81 

Belleville,  N.S 

459-B 

1915 

13 

30 

Belleville,  Ont  

156  to  157- A-2 

1917 

288 

322 

Beloeil,  Que  

606-B 

1918 

9 

32 

Bennett,  B.C  

32-R 

1912 

23 

23 

Benton,  N.B.. 

18-B 

1917 

276 

313 

Berwick,  N.S  

488-B 

1916 

148 

175 

Bethume,  Sask  

9-D 

1913 

71 

90 

Bienfait,  Sask  

61-C 

1913 

69 

88 

Biggar,  Sask  

12-H 

1915 

20 

34 

Blackie,  Alta  

63- D 

1915 

26 

38 

B  lad  worth,  Sask             .  ... 

19-D 

1914 

227 

240 

Blaine,  Wash  

19-J 

1916 

169 

190 

Blairmore,  Alta  

103-D 

1917 

262 

304 

Blind  River,  Ont  

604,  605 

1916 

156 

181 

Bloomfield,  N.B  

111-B 

1913 

44 

73 

124-J,  125-J 

1918 

28 

43 

Bluevale  Ont   

313 

1913 

61 

83 

Blyth,  Ont  

317 

1913 

61 

83 

Boharm,  Sask.             . .  ... 

106-C 

1914 

229 

241 

Boiestown,  N.B  

33-C 

1916 

151 

178 

Boissevain,  Man  

31-C,  32-C 

1913 

67 

87 

Bolton,  Ont  

260 

1913 

58 

82,  86 

Bothwell,  Ont.   

243 

1913 

57 

81 

Boundary  Creek,  N.B  

128-B 

1913 

45 

73 

Bow  Island,  Alta  ....   

178-C,  179-C 

1915 

23 

35 

Bowmanville,  Ont  

177 

1913 

54 

79 

Braeburn  Y  T 

67 

1912 

27 

27 

Brant,  Alta  

65-D 

1915 

26 

38 

Brantford,  Ont   

219,  220 

1913 

55 

80 

Breslau,  Ont  

94-F 

1918 

14 

36 

Bridgeburg  Ont 

2 15- A 

1913 

64 

85 

Bridge  water,  N.S.. 

409-B  411-B 

1915 

10 

28 

Brierly  Brook  N.S, 

170-B 

1913 

47 

74 

Brighton  Ont  .... 

163 

1917 

288 

322 

Bristol  N  B 

34-B 

1917 

276 

314 

Britannia  Mills  Que 

625-B 

1918 

9 

32 

Brockville  Ont.. 

123,  124 

1917 

286 

321 

105-G,  100-G 

1917 

252 

298 

Brome,  Que  

50 

1917 

282 

318 

liromptonville.  Que  

648-B 

1918 

10 

33 

Brook  port,  Que  

60 

1917 

281 

317 

liruce,  Alta  

45-H 

1916 

162 

186 

Bruce  Mines  Orit 

619 

1916 

156 

182 

Brucefield  Ont 

329 

1913 

62 

84 

I'irun'^wick  N  B 

6-B 

1917 

275 

313 

Brussels,  Ont  

312 

1913 

61 

83 

Bull  River,  B.C  

135-D 

1917 

264 

305 

Burdett,  Alta  

180-C,  181-C 

1915 

23 

35.  36 

Burlington  Jet.,  Ont  

196 

1913 

55 

80 
76 

Bury,  Que  

13-A-2 

C 

1913 

49 

Calabogie,  Ont  

139-G 

1917 

254 

299 

Calais,  Maine  

1-B 

1917 

275 

313 

Caldwell,  Ont  

512 

1915 

16 

32 

Caledon.  Ont  

265 

1913 

58 

82 

265 

1918 

17 

37 

Precise  Levelling 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— C'onimuet/. 


Year  of 

Place 

B.M.  Number 

Publication 

Description 

Elevation 

Calgary,  Alta  

Cambridge,  N.S  

Campbellton,  N.B... 

Camrose,  Alta  

Canmore,  Alta  

Canrobert,  Que  

Canterbury,  N.B  

Capelton,  Que  

Cap  St.  Ignace,  Que.. 

Cariboo,  Y.T  

Carievale,  Sask  

Carleton  Place,  Ont.. 
Carmangay,  Alta.. . . 

Carnduff,  Sask  

Caron,  Sask  

Cartwright,  Man. . . . 

Cascades,  Que  

Cataract,  Ont  

Chamberlain.  Sask.. 

Champion,  Alta  

Chaplin,  Sask  

Chase,  B.C  

Chatham,  Ont  

Chatham,  N.B  

Chatsworth,  Ont, . . . 

Chaudiere,  Que  

Chauvin,  Alta  

Chelsea,  Que  

Chesley,  Ont  

Chester,  N.S  

Chesterville,  Ont. . . . 

Chilliwack,  B.C  

Chin,  Alta  

Chipman,  N.B  

Chu  Chua,  B.C  

Clarkson,  Ont  

ClarksviUe,  N.S  

Clayburn,  B.C  

Clifton,  N.S  

Clinton,  Ont  

Cloverdale,  B.C  

Coaticook,  Que  

Coblenz,  Sask  

Cobourg,  Ont  

Cochrane,  Alta  

Colborne,  Ont  

Coldbrook,  N.S  

Cold  water,  Ont  

Coleman,  Alta  

Collins  Bay,  Ont  

Compton,  Que  

Condie,  Sask  

Conn  Mills,  N.S  

Cooking  Lake,  Alta.. 

Cookshire,  Que  

Cope  town,  Ont  

Corbetton,  Ont  

Corby ville,  Ont  

Cornwall,  Ont  

Corunna,  Ont  

Coteau  Jet.,  Que  

Cote-des-Neiges,  Que 

Courtright,  Ont  

Coutts,  Alta  

Cowley,  Alta  

Craighurst,  Ont  


Page 

Page 

50-D,  51-D,  52-D 

1915 

27 

39 

39-F 

1916 

163 

187 

217-C,  218-C 

1916 

166 

188 

49a-B 

1916 

148 

175 

25-G,  26-G 

1916 

151 

177 

70-F,  71-F 

1916 

165 

187 

235-C 

1916 

167 

188 

622-B 

1918 

11 

33 

16-B 

1917 

276 

313 

26 

1913 

48 

75 

567-B 

1917 

247 

291 

18-R 

1912 

24 

24 

49-C 

1913 

68 

88 

60-G,  61-G.  62-G 

1917 

249,  250 

293 

7.3- D,  74- D 

1915 

25 

38 

50-C 

1913 

68 

88 

108-C 

1914 

229 

241 

20-C' 

1913 

67 

87 

467 

1914 

218 

234 

L30-F 

1918 

16 

37 

12-D 

1913 

72 

90 

71-D 

1915 

26 

38 

113-C 

1914 

229 

241 

342-C 

1918 

31 

45 

246-A,  247,  247-A 

1913 

57 

81 

373,  247 

1914 

222 

236 

49-G 

1916 

152 

178 

283 

1913 

59 

82 

MCLXXII 

1918 

+ 

34 

30-H 

1915 

21 

34 

464 

1914 

218 

234 

295,  296 

1913 

60 

83 

401-B 

1915 

10 

28 

107 

1917 

285 

320 

34-J,  35- J 

1918 

24 

42 

191-C 

1915 

23 

36 

352-B 

1914 

216 

233 

98-J 

1918 

27 

43 

192 

1913 

55 

80 

520-B,  521-B 

1916 

145 

171 

29-J 

1918 

24 

42 

531-B 

1916 

145 

172 

320,  321 

1913 

62 

83 

20-J,  21-J 

1916 

169 

191 

14,  15,  16 

1917 

283 

319 

17-H 

1915 

20 

34 

171 

1913 

53 

79 

222-C,  223-C 

1916 

166 

188 

166 

1917 

288 

322 

491-B 

1916 

148 

175 

399-A 

1913 

65 

86 

105-D 

1917 

262 

304 

144 

1917 

287 

321 

10 

1917 

283 

319 

5-D 

1913 

71 

90 

139-B 

1913 

46 

74 

53-H 

1916 

163 

186 

lO-A-3.  11-A 

1913 

49 

76 

2 16- A 

1913 

55 

80 

273 

1913 

59 

82 

185-G 

1917 

257 

301 

489,  490,  491 

1914 

219 

235 

361 

1914 

221 

236 

90 

1917 

284 

320 

815,  816,  817 

1918 

13 

35 

363 

1914 

222 

236 

216-Ct 

1915 

25 

37 

97-D 

1917 

262 

304 

392 

1913  i 

65 

86 

: Refer  to  Public  Work.s  Dept. 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Continued. 


Place 

B.M.  Number 

Year  of 
Publication 

Description 

Elevation 

Page 

Page 

101*? 
ly  lo 

79 

on 
yu 

Cranbrook,  B.C  

1/Z— U  10  1/4— U 

101  7 

lyi  ( 

9fifi 
ZOO 

907 
oU/ 

lyo— u,  lyo— JL/ 

1017 

lyi  / 

ZOo 

907 

1017 

ly  1  / 

0K7 
ZO/ 

zyo 

1AQ  ■\\ 

1017 

lyi  i 

Ofi'i 
ZOo 

oU4 

ACiR 

ly  14 

99n 
zzu 

ZOO 

1  R  P 

Id— / 

1  QT? 

ly  lo 

fi7 
0< 

87 

iJ 

yo 

1917 

98 

ZOO 

990 
ozu 

OoO— 15 

101S 

lyio 

1  n 

99 

1Q1K 

1  9 
iz 

49 
to 

171-C 

1915 

22 

35 

1914 

227 

240 

Z4o ,  Z/C  4 

1019 
lyiz 

04 

94 

04 

Duy 

101  fi 

lyio 

1  K(\ 
lOO 

189 
loZ 

1917 

97fi 
Z  (  o 

313 

oy— r 

101 

lyi  o 

ifi*; 

lOO 

187 
lo/ 

101 
ly  lo 

fi8 

OO 

88 

oyo— ij ,  oyt— ij 

1018 
lyio 

o 
o 

99 
oz 

ooo 

1913 

62 

84 

14Q  R 
i^y  ij 

1  01 

lyio 

AR 

74 

ooo,  OU( 

1915 

13 

31 

F)orK\7  Tr»f     TV  TK 

47-G-2 

1916 

152 

178 

oo 

1913 

49 

75 

lOlfi 
lyiu 

157 

182 

97  TT 
Z/— Hi 

lOlil 

ly  14 

226 

990 

f;7  "r» 

0/— 1-^ 

1 01 
lyio 

9fi 
ZO 

98 

OO 

7^  F 
/  o— r 

IQIfi 

lyio 

ARK 

lo/ 

s  r> 

O  U 

101^ 
ly  lo 

71 

90 

101  fi 

1  K1 

1  1  o 

294 

101^ 

60 

83 

Dorchester,  N.B  

DCCCLXXXIX,  etc. 

1916 

t 

174 

Dorenlee,  Alta  

66-F 

1916 

165 

187 

Dosquet,  Que  

657-B 

1918 

11 

34 

Drayton,  Ont  

123-F 

1918 

16 

37 

Q7n 

1014. 

iyi4 

999 
zz^ 

99fi 
Aoo 

y  1— V ' 

101  ^ 
ly  lo 

70 

89 

r>iir«L-    R  P 

348-C 

1918 

31 

45 

AO  T> 
'iZ—lJ 

1014. 

ly  14 

228 

240 

974 

101"^ 
ly  lo 

59 

82 

91 

101 
ly  lo 

55 

80 

Zo— u 

1014 

iyi4 

227 

240 

100— 

101 
lyio 

22 

35 

J  J 

AA. 

1017 
ly  1  / 

281 

317 

40o— r> 

1 01  1^ 

lyio 

19 

lo 

29 

AA 
44 

101  7 
ly  1 1 

281 

317 

991; 

1  01 
ly  lo 

KK 

80 

R9R 

101  fi 
lyiu 

157 

182 

33-H 

1915 

21 

34 

CO  TI  y/i  fii  TT 
Oo~xx  lu  Ol— XT 

1  01  fi 
lyiu 

163 

186 

Edmundston,  N.B  

eifi  T-t    KO  R    AH  R 
Oo— 15 ,  oy— Ij  ,  OU— 15 

1017 
ly  1  ( 

278 

314 

Edson,  Alta  

81-H,  82-H 

1917 

272 

311 

Eganville,  Ont  

514 

1915 

16 

32 

Elm  wood,  Ont  

297 

1913 

60 

83 

Elora,  Ont  

117-F,  118-F 

1918 

16 

37 

Elva,  Man  

44-C 

1913 

68 

88 

Embrun,  Ont  

498 

1914 

220 

235 

Elmerson,  Man  

3-C 

1913 

66 

87 

Emo,  Ont  

23-E,  24-E 

1914 

226 

239 

Enlaugra,  Que  

51 

1917 

282 

318 

Ensign,  Alta  

66-D 

1915 

26 

38 

Erin,  Ont  

129-F 

1918 

16 

37 

Ernestown,  Ont  

146 

1917 

287 

321 

t  Also  bench-mark  in  international 


boundarj-  monument.       t  Refer  to  Public  Works  Dept. 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Con/mued. 


Place 

B.M.  Number 

Year  of 
Publication 

Description 

Elevation 

Page 

Page 

Ernfold,  Sask  

11.5-C 

1914 

229 

241 

Estevan,  Sask  

62-C,  63-C 

1913 

69 

88 

Eureka,  Y.T  

187 

1912 

33 

33 

Exeter,  Ont  

332,  333 

1913 

62 

84 

Fairville,  N.B. 
Farnham,  Que. 


Fergus,  Ont  

P'erintosh,  Alta  

Fernie,  B.C  

Field,  B.C  

Finch,  Ont  

Findlater,  Sask  

Flesherton,  Ont  

Forest,  Ont  

Fort  Erie,  Ont  

Fort  Frances,  Ont. . . 
Fort  Williann,  Ont.. . 

Foster,  Que  

Frank,  Alta  

Franz,  Ont  

French  Village,  N.S. 

Frobisher,  Sask  

Fulford,  Que  


Gainsborough,  Sask. 

Gait,  Ont  

Girvin,  Sask  

Glacier,  B.C  

Glacier,  Y.T  

Glencoe,  Ont  

Glen  Ewen,  Sask  

Glentay,  Ont  

Goderich,  Ont  

Godfrey,  Ont  

Golden,  B.C  

Golden  Lake,  Ont. . . 

Goodlands,  Man  

Gracefield,  Que  

Graceton,  Minn  

Grafton,  Ont  

Grainger,  Alta  

Grand  Coulee,  Sask. 
Grand  Falls,  N.B... 
Grand  Ligne,  Que. . . 

Grand  Pre,  N.S  

Grandora,  Sask  

Grassy  Lake,  Alta. . , 
Green  River,  N.B... 
Green  Valley,  Ont. . . 

Gretna,  Man  

Grimsby,  Ont  

Guelph,  Ont  

Guelph  Jet.,  Ont  

Gull  Lake,  Sask  


Hague,  Sask. . . 
Halbrite,  Sask. 
Halifax,  N.S... 

Hallock,  Minn. 


96-B 
62 

63,  64 
623-B,  62 
119-F,  120-F 

67-F 

121-D  to  123-D 

260-C 

105 

495 

11-D 
277 
351 
2 15- A 

29-E,  30-E 

90-E  to  92-E 

47 

102-D 

708 

393-B 

58-C 

56 

G 


1917 
1917 
1917 
1918 
1918 
1916 
1917 
1916 
1917 
1914 
1913 
1913 
1914 
1913 
1914 
1916 
1917 
1917 
1917 
1915 
1913 
1917 


280 
281 
282 
11 
16 
165 
263 
168 
285 
219 
72 
59 
221 
64 
226 
161 
281 
262 
261 
9 
69 
281 


47-C 

1913 

68 

88 

81-F  to  82-F-2 

1918 

14 

36 

17-D 

1913 

72 

90 

294-C 

1917 

270 

309 

266 

1912 

36 

36 

241,  241-A 

1913 

56 

81 

52-C 

1913 

68 

88 

117-G 

1917 

253 

295 

325,  326,  327 

1913 

62 

83,  84 

150-G 

1917 

255 

300 

273-C 

1917 

269 

309 

515 

1915 

16 

32 

38-C 

1913 

68 

88 

484 

1914 

219 

234 

14-E 

1914 

226 

239 

168 

1913 

53 

79 

50-F 

1916 

164 

187 

101-C 

1913 

71 

89 

46-B 

1917 

277 

314 

78 

1917 

280 

317 

498-B 

1916 

149 

175 

3-H 

1915 

19 

34 

182-C,  183-C 

1915 

23 

36 

54-B 

1917 

277 

314 

97 

1917 

285 

320 

4-C 

1913 

66 

87 

203 

1913 

63 

85 

90-F  to  92-F 

1918 

14 

36 

88-F,  89-F 

1918 

14 

36 

136-C 

1914 

230 

241 

H 

38-D 

1914 

228 

240 

73-C 

1913 

69 

89 

386-B,  387-B 

1915 

9 

28 

386-B,  387-B 

1916 

144 

171 

2-C 

1913 

66 

87 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Confmued. 


Year  of 

Place 

B.M.  Number 

Publication 

Description 

Elevation 

Hamilton,  Ont  

Hampton,  N.B  

Hanley,  Sask  

Hanover,  Ont  

Hantsport,  N.S  

Harlaka  Jet.,  Que  

Harrisburg,  Ont  

Harriston,  Ont  

Harrowsmith,  Ont. . . 

Hartland,  N.B  

Hatton,  Sask  

Hawthorne,  Ont  

Heath,  Alta  

Henfryn,  Ont  

Herbert,  Sask  

Heron  Bay,  Ont  

Hespeler,  Ont  

Hillhurst,  Que  

Hillsburgh,  Ont  

Holden,  Alta  

Holland  Centre,  Ont. 

Holmesville,  Ont  

Holmfield,  Man  

Hope,  B.C  

Howick  Jet.,  Que  

Hubbards,  N.S  

Hull,  Que  

Humes,  Y.T  

Huntingdon,  B.C  

Hyde  Park  Jet.,  Ont. 

Iberville,  Que  

Ilderton,  Ont  

Indian  River,  Y.T... 

IngersoU,  Ont  

Inkerman,  Ont  

Irma,  Alta  

Irvine,  Alta  

Ivanhoe,  Ont  

Jackfish,  Ont  

Jaffray,  B.C  

James  River,  N.S. . . , 

Jasper,  Alta  

Jasper,  Ont  

Jeannette,  Ont  

Jordan,  Ont  

Juniata,  Sask  

Kakabeka  Falls,  Ont 

Kamloops,  B.C  

Kam loops  Jet.,  B.C. . 

Kazabazua,  Que  

Kearney,  Ont  

Keewatin,  Ont  

Kempton,  Ont  

Kemptville,  Ont  

Kenaston,  Sask  

Kennetcook,  N.S.. . . 

Kenora,  Ont  

Kentville,  N.S  

Kilburn,  N.B  

Killaloe,  Ont  

Killarney,  Man  


198,  199,  200 
109-B 

23-D 
298,  299 
500-B 
219-B 

77-F 
303,  304 
154-G 

31-B 
151-C 
502 

34-H 
310 
118-C 
742,  742- A 

86-F 

13 
128-F 

46-H 
281 
322 

22-C 

42-J,  43-J 
87 

397-B 
459,  460 
1S2 

26-J,  27-J 
341 


74 

339 
205 
229 
110 
39 
1.59-C 
179-G 


230 


H 


160-C 


757 

131-D, 
169-B 
104-H 
97-G 
249-A 
205 
6-H 


132-D 


K 


85-E 

353-C  to  355-C 

87-J 
479 
552 

34-F 
113 
113-A 

21-D 
523-B, 

36-  F, 
492-B  to  494 

37-  B 
518,519 

25-C 


524-B 
37-F,  38- 
B 


1913 
1913 
1914 
1913 
1916 
1913 
1918 
1913 
1917 
1917 
1915 
1914 
1915 
1913 
1914 
1918 
1918 
1917 
1918 
1916 
1913 
1913 
1913 
1918 
1917 
1915 
1914 
1912 
1916 
1913 


1917 
1913 
1912 
1913 
1917 
1916 
1915 
1917 


1918 
1917 
1913 
1917 
1917 
1913 
1913 
1915 


1916 
1918 
1918 
1914 
1915 
1915 
1917 
1913 
1914 
1916 
1915 
1916 
1917 
1915 
1913 


Page 
63 
44 

227 
60 

149 
52 
14 
61 

255 

276 
21 

220 
21 
61 

230 
19 
14 

283 
16 

163 
59 
62 
67 
24 

284 
9 

217 
31 

170 
63 


280 
63 
33 
56 

285 

162 
22 

257 


19 

264 
47 
274 
252 
57 


19 


161 
31 
26 

218 
14 
19 

286 
52 

227 

145 
19 

148 

277 
16 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Con^inuei. 


Place 

B.M.  Number 

Year  of 
Publication 

Description 

Elevation 

Page 

1  age 

Kingsey,  Que  

677-B 

1918 

12 

44 

Kingston,  N.S  

486-B 

1916 

148 

175 

139,  141,  141-A,  142 

1917 

287 

321 

Kipp,  Alta  

81-D 

1915 

25 

38 

330 

1913 

62 

o4 

70- D 

1915 

26 

38 

465,  466 

iyi4 

oi  o 
zlo 

Zo4 

yo-r  to 

1918 

15 

OA 
OO 

ZOO 

lyio 

OO 

QO 

oZ 

1017 
lyi  I 

989 
ZoZ 

Olo 

Komoka,  Ont  

Z6t—Ix 

1  ni  o 
lyio 

00 

oU 

zU4—  JJ ,  ZUO—  JJ 

T 

1  ni  7 

oco 
zoo 

OAQ 

oUo 

T  r>/^  "RnT^/^T-     "NT  "R 

Li 

ZD/  ~JJ 

1 

1017 

ly  1  / 

047 
Z4/ 

900 
zyu 

Ooo— x5 

1  ni  c 
lyio 

o 
o 

QO 

oZ 

z4o— ,  Z4y— 

lyiD 

1  R7 
10/ 

1  80 

lay 

10— xl 

lyio 

OA 

zu 

o4 

1 0A  iqi 
loU,  lol 

1017 

lyi  / 

Zoo 

Q91 
oZl 

COR 

1  ni  Q 

lyio 

o 

o 

QO 
OZ 

1  Q9  p> 
loZ— Lt 

1 Q1  7 

lyi/ 

Z04 

900 

zyy 

'tV  LJ 

iyi4 

098 
ZZo 

O  XI 

101 
lyio 

10 

ly 

ot 

0 

1  01  7 

lyi  / 

OQQ 

Zoo 

Q1  0 

oiy 

oy— ij 

1017 

lyi  / 

07Q 

z/y 

Q1  R 
OlO 

lyo— to  ZUU— 

1  01  K 

lyio 

OA 
Z4 

oo 

it  11 

oo— U 

ini  K 

lyio 

OK 
ZO 

QC 
OO 

991   "R    999  "R 
ZZl— -D,  ZZZ— J3 

1  oi  c> 

lyio 

tiO 

oz 

77 

<< 

999  "R 
ZZZ— X5 

1  01  R 

lyiD 

lOo 

1  70 
1  ( y 

T  'Tolr^-f  Ourk 

ceo  R 

1 01  7 

lyi  / 

Z4o 

901 

zyi 

QA7  QAQ 

1  ni  o 

lyiti 

<51 
Dl 

fiQ 

OO 

1019 

lyiz 

Ofi 
ZO 

9fi 

ZO 

AlC  "R     A10  "R     49A  "R 
418— r>,  4iy— r>,  4Zu-r> 

1  ni  K 

lyio 

1 1 
11 

OO 

zy 

olo 

1  oi  Q 

lyio 

R1 
01 

SQ 
OO 

Zoo,  Zoo 

ini  Q 

lyio 

00 

oU 

101ft 

lyio 

+ 

1  79 
1  /  Z 

9Q0  A 
Zoy— iV 

1  ni  Q 

lyio 

fift 
00 

81 
ol 

Oo— x 

1  01  ft 

lyio 

1  ft(i 
100 

187 
lo/ 

rt  1  0 

1 01  J. 

iyi4 

018 
Zlo 

234 

Lower  Argyle,  N.S  

455-B 

1915 

13 

30 

Lower  East  Pubnico,  N.S  

452-B 

1915 

12 

29 

Lucan,  Ont  

114-F 

1918 

15 

36 

Lucan  Crossing,  Ont  

337 

1913 

62 

84 

337 

1918 

15 

36 

^   

111  TT 
111— xl 

1918 

OO 

A1 

i—\J 

1  ni  Q 

lyio 

71 
/ 1 

on 
yu 

T  -ITT-I 

1  OK 
IZO 

1917 

OOA 

Zoo 

Q91 
oZl 

91  7 
Zl  / 

1  ni  9 

lyio 

KK 

00 

fin 

oU 

100-ij 

1  01  Q 

lyio 

47 
4/ 

7/L 
1 1 

660-B 

1918 

11 

OA 

o4 

T  ti-++f^n  "R 

«9    T    ftO  T 
DZ-J,  Do-J 

lyio 

OK 
ZO 

4.9 
4Z 

H/T                     XT  O 

M 

1  ni  <! 
1910 

1  7*? 
I/O 

07    "P»    OO  T* 

1  ni  7 

lyi  / 

OflO 

ZoZ 

oU4 

69-C 

1913 

69 

89 

Madawaska,  Ont  

530,  531 

1915 

15 

32 

Madoc  Jet.,  Ont  

182-G 

1917 

257 

301 

40,  41,  41-A 

1917 

281 

317 

Maitland,  Ont  

121 

1917 

286 

320 

Malagash,  N.S  

144-B 

1913 

46 

74 

128 

1917 

286 

321 

lie,  12-C 

1913 

66 

87 

Maple  Creek,  Sask  

145-C,  146-C 

1914 

231 

241 

Markdale,  Ont  

279 

1913 

59 

82 

152 

1917 

288 

321 

Massawippi,  Que  

28-A 

1913 

48 

75 

X  Refer  to  Public  Works  Dept. 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Co/Kinued. 


Year  of 

Place 

B.M.  Number 

Publication 

Description 

Elevation 

Massey,  Ont  

Mather,  Man  

Matsqui,  B.C  

McAdam,  N.B  

McBride,  B.C  

McGivney  Jet.,  N.B 
Meadowville,  N.S. . , 
Medicine  Hat,  Alta., 

Medora,  Man  

Med  way,  N.S  

Megan  tic.  Que  

Melancthon,  Ont  

Melita,  Man  

Melville,  Ont  

Memramcook,  N.B. 

Merigomish,  N.S  

Merrickville,  Ont.. . . 

Merritton,  Ont  

Michel,  B.C  

Michipicoten,  Ont..., 

Midale,  Sask  

Middleton,  N.S  

Midhurst,  Ont  

Midnapore,  Alta  

Milan,  Que  

Milestone.  Sask  

Milk  River,  Alta. . . , 

Millerton,  N.B  

Mine  Centre,  Ont  

Minto,  Y.T  

Mirror,  Alta  

Mission,  B.C  

Molson,  Man  

Monarch,  Alta  

Monckland,  Ont  

Moncton,  N.B  

Monk,  Que  

Montague,  Y.T  

Mont  Carmel,  Que.. 
Montmagny,  Que  — 

Montreal,  Que  

Montreal  West,  Que. 

Moore  town,  Ont  

Moosejaw,  Sask  

Morden,  Man.. ..... 

Morse,  Sask  

Mortlach,  Sask  

Mountain,  Ont  

Moyie,  B.C  

Mulgrave,  N.S  

Muniac,  N.B  

Murray ville,  B.C.. . 

Musquash,  N.B  

Mystic,  Que  

Nairn,  Ont  

Napadogan,  N.B. . . 

Napanee,  Ont  

Napierville,  Que — 

Napinka,  Man  

Nappan,  N.S  

Nauwigewauk,  N.B, 
Nelson  Jet.,  N.B. . . 


Page 

Page 

590 

1916 

155 

181 

17-C 

1913 

67 

87 

30-J 

1918 

24 

42 

11-B 

1917 

275 

313 

131-H 

1918 

23 

41 

333-B 

1914 

215 

233 

153-B 

1913 

46 

74 

167-C,  168-C,  169-C 

1915 

22 

35 

40-C 

1913 

68 

88 

415-B 

1915 

10 

28 

21-A-2,  22-A 

1913 

50 

76 

271-A,  272 

1913 

59 

82 

42-C,  43-C 

1913 

68 

88 

132-F 

1918 

17 

37 

549-B 

1916 

146 

174 

164-B 

1913 

47 

74 

84-G 

1917 

251 

295 

209 

1913 

63 

85 

114-D 

1917 

263 

304 

698 

1917 

261 

303 

71-C 

1913 

69 

89 

482-B,  483-B 

1916 

148 

175 

390 

1913 

65 

86 

54-D 

1915 

27 

39 

18-A-2 

1913 

50 

76 

85-C 

1913 

70 

89 

213-C,  214-C 

1915 

25 

37 

47-G 

1916 

152 

178 

42-E 

1916 

158 

183 

106 

1912 

30 

30 

63-F 

1916 

165 

187 

30-J 

1918 

24 

42 

10-F 

1915 

17 

33 

84-D 

1917 

261 

304 

102 

1917 

285 

320 

132-B,  133-B,  134-B 

1913 

45 

73 

373-B,  374-B,  132-B 

1914 

217 

233 

132-B 

1916 

146 

174 

385-B 

1917 

245 

289 

69 

1912 

28 

28 

28-G 

1917 

248 

292 

566-B 

1917 

247 

291 

807  to  825 

1918 

13,14 

35 

811  to  813 

1918 

13 

35 

362 

1914 

221 

236 

94-C,  95-C,  96-C 

1913 

71 

89 

103-C 

1914 

229 

241 

7-C,  8-C 

1913 

66 

87 

116-C,  117-C 

1914 

229 

241 

110-C 

1914 

229 

241 

111 

1917 

285 

320 

181-D 

1917 

267 

307 

185-B 

1913 

48 

75 

37-B 

1917 

277 

314 

23-J 

1916 

170 

191 

91-B,  92-B 

1917 

279 

316 

65 

1917 

282 

318 

N 

579,  580 

1916 

154 

181 

323-B ,  324-B 

1914 

215 

232 

149  to  150-A-2 

1917 

287 

321 

586-B,  587-B 

1918 

8 

32 

41-C 

1913 

68 

88 

CM  XIX 

1916 

X 

173 

107-B 

1913 

44 

73 

47-G-2 

1916 

152 

178 

X  Refer  to  Public  Worki  Dept. 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Conimwet/. 


Year  of 

Place 

B.M.  Number 

Publication 

Description 

Elevation 

Newbury,  Ont  

Newcastle,  Ont  

New  Dayton,  Alta  

New  Germany,  N.S  

New  Glasgow,  N.S  

New  Hamburg,  Ont  

New  Norway,  Alta  

New  Westminster,  B.C  

Nictaux,  N.S  

Ninga,  Man  

Nipigon,  Ont  

Nobleford,  Alta  

Nordenskiold,  Y.T  

Northfield,  Ont  

North  Lake,  Ont  

North  Portal,  Sask  

Northwood,  Ont  

Norton,  N.B  

Norton  Mills,  Vermont  

Notch  Hill,  B.C  

Notre-Dame-du-Lac,  Que  

Oak  Bay,  N.B  

Oakville,  Ont  

Oban,  Sask  

Okotoks,  Alta  

Orangeville,  Ont  

Osgoode,  Ont  

Oshawa,  Ont  

Osier,  Sask  

Ottawa,  Ont  

Owen  Sound,  Ont  

Oxbow,  Sask  

Oxford,  Ont  

Oxford,  N.S  

Oxford,  Jet.,  N.S  

Painsec,  N.B  

Pakenham,  Ont  

Palgrave,  Ont  

Palmerston,  Ont  

Paquette,  Que  

Paris,  Ont  

Parkbeg,  Sask  

Park  Head  Jet.,  Ont  

Parkhill,  Ont  

Parry  Sound,  Ont  

Pasqua,  Sask  

Pelly,  Y.T  

Pense,  Sask  

Perth,  Ont  

Perth,  N.B  

Petitcodiac,  N.B  

Piapot,  Sask  

Pickering,  Ont  

Piedmont,  N.S  

Pierson,  Man  

Pike  Creek,  Ont  

Pilot  Mound,  Man  

Pincher,  Alta  

Pine  wood,  Ont  

t  International  boundary  monument. 
X  Refer  to  Public  Works  Dept. 


242 
176 

206-C,  207-C 

469-B-2 

160-B 

102-F,  103-F 
68-F 

9- J  to  13-J 
480-B 
29-C 
785 
79-D 
47 
494 
106-E 
t 

245 
113-B 

23,  24,  25 
339-C 

64-B 


4-B 
193 
14-H 

eo-D 

267 

117-A,  118-A 
178-A,  179-A,  179 
36-D 

124-A,  125-A 
503,  504,  124-A 
286,  287,  288 
55-C 
114 
136-B 
135-B 
135-B 


MDXLIII 
68-G,  69-G 
376 
305 
305 
557-B 
222 

111-  C 
291 
346 

419,  420 

93-  C 
118,  119 

99-C 

112-  G  to  115-G 
39-B 

123-B 
141-C 
180-A-2 
165-B 

46-C 
253 

15-C 

94-  D 
20-E 


1913 
1913 
1915 
1916 
1913 
1918 
1916 
1916 
1916 
1913 
1918 
1915 
1912 
1914 
1916 
1913 
1913 
1913 
1917 
1918 
1917 


1917 
1913 
1915 
1915 
1913 
1913 
1913 
1914 
1913 
1914 
1913 
1913 
1917 
1913 
1913 
1916 


1916 
1917 
1913 
1913 
1918 
1916 
1913 
1914 
1913 
1914 
1914 
1913 
1912 
1913 
1917 
1917 
1913 
1914 
1913 
1913 
1913 
1913 
1913 
1917 
1914 


Page 
56 
53 
24 
147 
47 
15 
165 
169 
148 
67 
21 
25 
27 
219 
162 
88 
57 
44 
284 
31 
278 


275 
55 
20 
26 
58 
52 
54 

228 
53 

220 
60 


286 
46 
45 

146 


250 
64 
61 
16 

153 
55 

229 
60 

221 

223 
71 
30 
71 

253 

277 
45 

231 
54 
47 
68 
57 
67 

262 

226 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Con<mwe(i. 


Place 

B.M.  Number 

Year  of 
Publication 

Description 

Elevation 

Pa^e 

Page 

Pinto  Sask.. 

67-C 

1913 

"69 

88 

Plaster  Rock,  N.B  .  . 

301-B,  .302-B 

1914 

213 

232 

Plessisville  Que. 

665-B,  666-B 

1918 

12 

34 

Pomquet  N  S 

76-B 

1913 

48 

74 

Portal  North  Dakota. 

t 

1913 

88 

88 

Port  Arthur  Ont 

93-E  to  95-E 

1916 

161 

184 

93-E 

1918 

21 

40 

Port  Clyde,  N.S  

442-B 

1915 

12 

29 

Port  Colborne,  Ont  

135-F  to  137-F 

1918 

17 

38 

Port  Dalhousie,  Ont  

133-F,  134-F 

1918 

17 

38 

Porthill,  Idaho  

198-D 

1917 

268 

307 

Port  Hope,  Ont  

172,  172-A,  173. 

1913 

53 

79 

212 

1913 

63 

85 

Port  Saxon,  N.S  

441-B 

1915 

12 

29 

182 

1913 

54 

79 

118,  119 

1917 

286 

320 

83-F,  84-F 

1918 

14 

36 

Prince  Albert,  Sask.. 

47-D,  48-D,  49-D 

1914 

228 

240 

Princeton  Ont 

224 

1913 

55 

80 

Princeville,  Que 

668-B 

1918 

12 

34 

Pubnico,  N.S  

454-B 

1915 

13 

30 

Quarryville  N  B 

Q 

45-G 

R 

1916 

152 

178 

Rainy  River,  Ont  

17-E 

1914 

226 

239 

Reford,  Sask 

18-H 

1915 

20 

34 

Regina,  Sask.                    .  ... 

1-D,  2-D,  3-D 

1913 

71 

90 

Renfrew,  Ont. 

505,  506,  507 

1915 

17 

32 

505 

1917 

251,  254 

294,  299 

Resplendent,  B.C 

117-H,  153-J 

1918 

29 

44 

Revelstoke  B  C 

311-C  to  314-C 

1917 

271 

310 

Richford,  Vt 

55 

1917 

282' 

318 

Richmond,  Que. 

639-B,  640-B 

1918 

10 

33 

River  Beaudette  Que 

DLXXVII 

1917 

X 

322 

River  Glade,  N.B. 

125-B 

1913 

45 

73 

Riviere-du-Loup  Que 

76-B,  77-B,  78-B 

1917 

279 

315 

Rividre  Ouelle  Jet  Que 

MCXXXVII 

1917 

X 

292 

Roche-Percee  Sask 

65-C 

1913 

69 

88 

Rock  Island  Que 

33-A 

1913 

49 

75 

452 

1914 

224 

238 

13-E 

1914 

226 

239 

Rosedale,  B.C  

36-J 

1918 

24 

42 

Rose  Point,  Ont  

565 

1915 

13 

31 

Rossport,  Ont 

768 

1918 

20 

40 

Rosthern  Sask 

40-D 

1914 

228 

240 

Rothesay,  N  B 

103-B,  104-B 

1913 

44 

73 

Rouleau,  Sask 

88-C,  89-C 

1913 

70 

89 

Rouse  Point  N  Y 

581-B 

1918 

8 

32 

Rush  Lake  Sask 

120-C 

1914 

230 

241 

Russell,  Ont 

499 

1914 

220 

235 

Ryl9y  Alta 

47-H,48-H. 

1916 

163 

186 

Sable  River,  N.S  

S 

427-B 

1915 

11 

29 

Sackville,  N.B  

MCCCCXXXVI,etc. 

1916 

X 

174 

Salmon  Arm,  B.C  

335-C 

1918 

30 

45 

Sandstone,  Alta  

58-D 

1915 

26 

38 

Sarnia,  Ont  

357,  358,  359,  360 

1914 

221 

236 

Saskatoon,  Sask  

29-D  to  33-D 

1914 

227,  228 

240 

Sault  Ste.  Marie,  Ont  

632,  633 

1916 

157 

182 

Sault  Ste.  Marie,  Mich  

636 

1916 

157 

182 

Savona,  B.C  

81-J 

1918 

26 

43 

Sawyerville,  Que  

552-B 

1916 

153 

ISO 

JRefer  to  Public  Works  Dept. 
flnternational  boundary  monument. 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
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Year  of 

Place 

B.M.  Number 

Publication 

Description 

Elevation 

Page 

I'age 

Schreiber,  Ont  

763,  764 

1918 

20 

40 

Scotia  Jet.,  Ont  

553 

1915 

14 

31 

Scotstown,  Que  

16-A-2 

1913 

49 

76 

Scott,  Sask  

19-H 

1915 

20 

34 

Shag  Harbour,  N.S  

449-B 

1915 

12 

29 

Shallow  Lake,  Ont  

290 

1913 

60 

83 

Shannonville,  Ont  

154 

1917 

288 

321 

Sharbot  Lake,  Ont  

124-G 

1917 

253 

295 

Shelburne,  N.S  

433-B  to  436-B 

1915 

11,  12 

29 

Shelburne,  Ont  

271 

1913 

59 

82 

Sherbrooke,  Que  

1,  2,  3 

1917 

283 

319 

35,  36 

1917 

281 

317 

3 

1918 

10 

33 

Sicamous,  B.C.  

330-C 

1918 

30 

45 

Siegas,  N.B  

51-B 

1917 

277 

314 

203- D 

1917 

268 

308 

Slate  River,  Ont  

87-E 

1916 

161 

184 

Smiths  Falls,  Ont  

88-G,  89-G, 

107-G,  108-G 

1917 

251  to  253 

295 

South  Durham,  Que  

635-B 

1918 

10 

33 

South  Maitland,  N.S  

528-B,  529-B 

1916 

145 

172 

South  Stukely,  Que  

45 

1917 

281 

317 

Spence  Bridge,  B.C  

67- J,  68-J 

1918 

25 

42 

Spillimacheen,  B.C  

159-D 

1917 

265 

306 

Sprague,  Man  

10-E 

1914 

225 

239 

Springfield,  N.S  

472-B 

1916 

147 

175 

Springhill,  Que  

19-A-2,  20- A 

1913 

50 

76 

Springhill  Jet.,  N.S  

CMX 

1916 

X 

173 

Sprucedale,  Ont  

558 

1915 

14 

31 

Sprucegrove,  Alta  

64-H 

1917 

271 

311 

Stanbridge,  Que  

67 

1917 

282 

318 

86-E 

1916 

161 

184 

Stanstead,  Que  

34 

1913 

49 

75 

Steele,  B.C  

138-D 

1917 

264 

305 

Steelton,  Ont  

634,  635 

1916 

157 

182 

Stellarton,  N.S  

MCCC 

1913 

t 

66 

75 

Stephen,  Minnesota  

1-C 

1913 

87 

Stevens,  Y.T  

U8 

1912 

31 

31 

Stewart  Crossing,  Y.T  

162,  163 

1912 

32 

32 

Stickney,  N.B  

32-B 

1917 

276 

313 

Stirling,  Alta  

203-C,  204- C 

1915 

24 

36 

Stittville,  Ont  

55-G 

1917 

249 

293 

Stoney  Creek,  Ont  

201 

1913 

63 

85 

Stoney  Point,  Ont  

250 

1913 

57 

81 

Stonyplain,  Alta  

65-H 

1917 

271 

311 

Stottsville,  Que  

79 

1917 

280 

317 

106-F  to  108-F 

1918 

15 

36 

454,  454-A 

1914 

225 

238 

567-A 

1916 

154 

181 

26-J,  27-J 

1916 

170 

191 

Sussex,  N.B  

117-B 

1913 

44 

73 

52 

1917 

282 

318 

Swalwell,  Alta  

51-F 

1916 

164 

187 

Sweetgrass,  Montana  

216-C  t 

1915 

25 

37 

Swift  Current,  Sask  

126-C,  127-C. 

1914 

230 

241 

ST. 

St.  Agapit,  Que  

653-B  to  655-B 

1918 

11 

34 

St.  Alexandre,  Que.  (Kamouraska 

Co.)  

MCLI 

1917 

t 

292 

Ste.  Anne,   Que.  (Kamouraska 

Co.)  

MXCIX 

1917 

t 

292 

St.  Anselme,  Que  

214-B 

1913 

52 

77 

St.  Armand,  Que  

68,  69,  70 

1917 

282 

318 

St.  Bazile,  Que.  (Chambly  Co.).. 

604-B 

1918 

9 

32 

St.  Bruno,  Que.  (Chambly  Co.).. 

602-B 

1918 

9 

32 

St.  Catharines,  Ont  

207,  208 

1913 

63 

85 

t  Refer  to  Public  Works  Dept. 
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Year  of 

Place 

B.M.  Number 

Publication 

Description  |  Elevation 

St.  Charles  Jet.,  Que  

St.  Edouard,  Que.  (Napierville 

Co.)  

St.  Evariste,  Que  

St.  George,  N.B  

Ste.  Henedine,  Que  

St.  Henri,  Que.  (Levis  County). . 

St.  Hilaire,  N.B  

St.  Hilaire,  Que.  (Rouville  Co.).. 

St.  Honore,  Que  

St.  Hubert,  Que  

St.  Hyacinthe,  Que  

St.  Jean  Port  Joli,  Que  

St.  John,  N.B  

St.  Johns,  Que  

St.  Joseph-de-L6vis,  Que  

Ste.  Julie,  Que.  (Megantic  Co.)... 

St.  Lambert,  Que  

St.  Leonard,  N.B  

St.  Liboire,  Que  

St.  Louis,  Que.  (Beauharnois  Co.) 

Ste.  Madeleine,  Que  

Ste.  Malachie,  Que  

St.  Malo,  Que.  (Compton  County) 

St.  Margaret,  N.S  

St.  Mary,  Que.  (Beauce  County).. 

St.  Marys,  Ont  

St.  Pacome,  Que  

St.  Paschal,  Que  

St.  Philippe-de-Neri,  Que  

St.  Pie.Que.  (Bagot  County)  

St.    Pierre,    Que.  (Montmagny 

Co.)  

St.  Polycarpe  Jet.,  Que  

Ste.  Rosalie  Jet.,  Que  

Ste.    Rose,    Que  (Temiscouata 

County)  

St.  Stephen,  N.B  

St.  Vallier,  Que  

Taber,  Alta  

Taft,  B.C  

Takhini,  Y.T  

Tako,  Sask  

Tara,  Ont  

Tatamagouche,  N.S  

Thamesville,  Ont  

Thedford,  Ont  

Thornhill,  Man  

Thorold,  Ont  

Three  Hills,  Alta.. .-  

Tichborne,  Ont  

Tofield,  Alta  

Tompkins,  Sask  

Toronto,  Ont  

Tottenham,  Ont  

Trenton,  Ont  

Tring  Jet.,  Que  

Trochu.  Alta  

Truro,  N.S  

Tupperville,  Ont  

Tusket,  N.S  

Tweed,  Ont  


MCXXXI 
589-B 

195-B,  196-B 

83-B 
212-B 
216-B 
262-B 
607-B 

70-B 
600-B 

611-B  to  613-B 

615-B 

MCVI 

97-B  to  100-B 

75,  76 
220-B 
()62-B 

597-B-2,  598-B 

50-B 
626-B 

88 

609-B 
227-B 
555-B 
394-B 
209-B 

110-F,  111-F 
MXCVI 
MCXLVI 
27-G 
618-B 

565-B 
92 

614-B 

62-B 
2-B,  3-B 
MCXXV 


186-C,  187-C 
323-C 

20,  21 

20-H 
293 
147-B 
243-A 
349 

9-C 
210,  211 

53-F 
146-G 
50-H,  51-H 
138-C 
185  to  189 
377-A 
161 

204-B 
55-F 
534-B  to  537-B 
369 
460-B 

174-G  to  176-G 


1917 

1918 
1913 
1917 
1913 
1913 
1917 
1918 
1917 
1918 
1918 
1918 
1917 
1917 
1917 
1913 
1918 
1918 
1917 
1918 
1917 
1918 
1917 
1916 
1915 
1913 
1918 
1917 
1917 
1917 
1918 

1917 
1917 
1918 

1917 
1917 
1917 


1915 
1918 
1912 
1915 
1913 
1913 
1913 
1914 
1913 
1913 
1916 
1917 
1916 
1914 
1913 
1913 
1917 
1913 
1916 
1916 
1914 
1915 
1917 


Page 
X 

8 
51 
279 
52 
52 
247 
9 
278 


10 

X 
280 
280 
52 
11 
9 

277 
9 

284 
9 

244 
153 
9 

51 

15 

X 

X 

248 
11 

247 

285 


278 
275 
X 


23 
30 
25 
20 
60 
46 
57 
221 
66 
63 
164 
255 
163 
231 
54 
64 
288 
51 
164 
146 
222 
13 
256 


{Refer  to  Public  Works  Dept. 

tAlso  bench-mark  in  international  boundary  monument. 
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Place 


B.M.  Number 


Year  of 
Publication 


Description 


Elevation 


Unity,  Sask  

Upper  Woods  Harbour,  N.S 

Upton,  Que  

Utopia,  Ont  

Valleyfield,  Que  

Valley  Jet.,  Que  

Van  Buren,  Alaine  

Vanceboro,  Maine  

Vancouver,  B.C  

Vera,  Sask  

Verona,  Ont  

Versailles,  Que  

Victoriaville,  Que —  

Viking,  Alta  

Vulcan,  Alta  

Wabamun,  Alta  

Wainwright,  Alta  

Wakefield,  Que  

Walkerville,  Ont  

Wallaceburg,  Ont  

Walsh,  Alta  

Warman,  Sask  

Warner,  Alta  

Warroad,  Minn  

Warwick,  Que  

Waterloo,  Ont  

Waterville,  N.S  

Waterville,  Que  

Watt,  N.B  

Webb,  Sask  

Webb  wood,  Ont  

Welland,  Ont  

Welland  Jet.  Ont  

Westchester,  N.S  

Westfort,  Ont  

West  Huntingdon,  Ont  

West  Merigomish,  N.S  

Westmount,  Que  

Weston,  Ont  

Weyburn,  Sask  

Whitby,  Ont  

Whitefish  Lake,  Que  

Whitehorse,  Y.T  

Whitemouth,  Man  

White  Pass,  B.C  

White  River,  Ont  

Whiterock,  B.C  

Whitewater,  Man  

Whitney,  Ont  

Wilcox,  Sask  

Wilmot,  N.S  

Winchester,  Ont  

Windsor,  Ont  

Windsor,  N.S  

Windsor  Jet.,  N.S  

Windsor  Mills,  Que  

Wingham,  Ont  

Winnifred,  Alta  


Page 

Page 

22-H 

1915 

20 

34 

451-B 

1915 

12 

29 

627-B  628-B 

1918 

9 

32 

387 

1913 

65 

86 

V 

89 

1917 

284 

320 

207-B 

1913 

51 

77 

50-B 

1917 

277 

314 

12-B,  13-B 

1917 

275 

313 

1-J  to  5-J 

1916 

168 

190 

23-H 

1915 

20 

34 

152-G 

1917 

255 

300 

72 

1917 

280 

317 

670-B  to  672-B 

1918 

12 

34 

43-H 

1916 

162 

185 

68-D,  69-D 

1915 

26 

38 

W 

69-H 

1917 

272 

311 

36-H 

1915 

21 

34 

469,  470 

1914 

218 

234 

255 

1913 

57 

81 

367 

1914 

222 

236 

155-C 

1915 

22 

35 

35-D 

1914 

228 

240 

209-C,  21Q-C 

1915 

24 

36,  37 

12-E 

1914 

226 

239 

674-B,  675-B 

1918 

12 

34 

98-F,  99-F 

1918 

15 

36 

489-B 

1916 

148 

175 

9 

1917 

283 

319 

8-B 

1917 

275 

313 

132-C 

1914 

230 

241 

585 

1916 

155 

181 

213 

1913 

64 

85 

214 

1913 

64 

85 

CMLX 

1916 

t 

172 

89-E 

1916 

161 

184 

181-G 

1917 

257 

301 

163-B 

1913 

47 

74 

810 

1918 

13 

35 

256-A 

1913 

58 

82 

80-C,  81-C 

1913 

70 

89 

180-A 

1913 

54 

79 

487 

1914 

219 

234 

1 

1912 

25 

25 

14-F 

1915 

18 

33 

4S-R 

1912 

23 

23 

723,  723-A 

1918 

18 

39 

17-J,  18-J 

1916 

169 

190 

35-C 

1913 

68 

88 

536 

1915 

15 

31 

86-C,  87-C 

1913 

70 

89 

485-B 

1916 

148 

175 

109 

1917 

285 

320 

255 

1913 

57 

81 

502-B  to  505-B 

1916 

149 

176 

MXXXIV 

1916 

+ 

171 

644-B,  645-B 

1918 

10 

33 

314 

1913 

61 

83 

176-C 

1915 

23 

35 

JRe'fer  to  Public  Works  Dept. 
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Place 

B.M.  Number 

Year  of 
Publication 

Description 

Elevation 

1-F,  2-F,  3-F 

Page 

Page 

1915 

17 

33 

202 

1913 

63 

85 

25-H 

1915 

20 

34 

Wolfville,  N.S  

495-B  to  497-B 

1916 

148,  149 

175 

226,  227 

1913 

55 

80 

Woodstock,  N.B  

25-B ,  26-B ,  27-B 

1917 

276 

313 

Worthington,  Ont  

577 

1916 

154 

181 

Wounded  Moose,  Y.T..  , 

179 

1912 

33 

33 

Y 

Yahk.B.C  

187-D 

1917 

267 

307 

Yarmouth,  N.S  

463-B,  464-B,  465-B 

1915 

13 

30 

83-C 

1913 

70 

89 

H 

Z 

1912 

29 

29 

Zumbro,  Sask  

27-H 

1915 

20 

34 

February, 1918 
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INTRODUCTION 

This  Report  consists  of  the  following: 

Values  of  latitudes  and  longitudes  of  points,  lengths  and  azimuths  of  lines  ^ 
for  the  use  of  engineers  in  engineering  problems  and  mapping  and  in  surveys 
of  all  kinds. 

Descriptions  of  location  of  such  points  in  the  field,  showing  the  con- 
nection of  the  geodetic  point  to  other  survey  marks. 

Section     T,  page   5.    Introduction  by  W.  M.  Tobey. 
Section     II,  page  11.    On  Final  Values  by  W.  M.  Tobey. 
Section   III,  page  46.    On  Final  Values  by  J.  E.  Ratz 

and  D.  J.  Fraser. 
Section    IV,  page  70.    On  Final  Values  by  D.  J.  Fraser. 
Section      V,  page  74.    Illustration  of  Methods  by  J.  L.  Rannie. 
Section     VI,  page  111.  Illustration  of  Methods  by  J.  L.  Rannie. 
Section   VII,  page  121.  Illustration  of  Methods  by  D.  J.  Fraser. 
Section  VIII,  page  146.  Illustration  of  Methods  by  H.  B.  Kihl. 
Section   IX,  page  165  Geographic  positions  and  descriptions  of 
^  stations  established. 

(a)  Values 

The  values  are  in  all  cases  final,  and  ai^e  given  on  page  165,  which  is  part  of  the 
report  by  J.  E.  Ratz  on  the  adjustment  of  the  Dusable-Haldimand  net.  Values 
other  than  the  final  ones  have  been  obtained  in  previous  years,  but  are  not  here 
published.  These  preliminary  values  arose  to  meet  the  demands  of  the  public, 
before  the  controls,  bases  and  Laplace  points,  had  been  inserted. 

In  obtaining  these  final  values  as  given  on  page  165,  one  net  in  its  entirety  was 
adjusted,  depending  upon  the  North  American  Datum  line  Bellevue  to  ftoyal 
and  controlled  by  two  bases,  one  near  Coteau  and  one  near  Belleville,  and  by 
two  Laplace  points,  one  at  the  station  Murray  and  one  at  the  station  Ottawa. 
This  net  thus  includes  two  or  three  smaller  nets  which  were  solved  before  our 
controls  were  established.  As  these  nets  are  smaller,  and  therefore  more  easily 
followed  by  those  desirous  of  studying  the  subject  of  adjustments,  it  was 
thought  well  to  publish  their  separate  adjustments  in  detail  only  so  far  as 
METHODS  are  concerned,  and  not  as  regards  actual  values  obtained,  as  such 
values  would  be  superseded  by  those  given  on  pages  165  to  171. 

(b)  Descriptions 

These  descriptions  which  are  found  on  pages  172  to  187  and  whose  objects 
are  explained  on  this  page  are  to  enable  surveyors  to  discover  the  location  of 
the  geodetic  points  of  this  survey  by  ascertaining  the  relation  of  such  points 
to  other  surveys. 
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Purpose  and  Object  of  Data 

While  the  accumulated  data  of  a  Geodetic  Survey  will  be  more  and  more 
welded  together  by  adjustments  to  give  scientific  information  as  to  the  size, 
shape,  etc.,  of  the  earth,  yet  it  is  felt  that  the  main  purpose  of  the  Geodetic 
Survey  of  Canada,  for  the  present,  is  to  help  other  surveys,  engineers  and 
departments  doing  survey  work  by  giving  them  a  control  for  their  work,  thus 
permitting  them  to  feel  that  the  unavoidable  accumulated  errors  of  their  .surveys 
are  better  controlled  and  regulated,  and  the  accuracy  of  such  surveys  thereby 
increased. 

Along  this  line,  information  has  been  given  out  at  various  times  to  the 
following: — 

Militia  Department,  to  control  accuracy  of  their  military  maps,  especially 

those  of  the  province  of  Quebec. 
Naval  Department,  Hydrographic  Survey,  to  control  the  survey  of  the 

St.  Lawrence  river  and  the  triangulation  of  the  north  shore  of  lake 

Ontario. 

Interior  Department,  Geographer's  Branch,  as  control  of  compiled  maps. 
Mines  Department,  Geological  Survey,  as  aid  for  making  their  maps. 
Province  of  Quebec,  for  establishing  an  irrigation  survey  in  region  of 
river  St.  Francis. 

It  may  be  added,  'that  requests  for  information  in  regions  not  yet  reached 
by  the  Geodetic  Survey  of  Canada  and  which  we  are  consequently  unable  to  give, 
have  been  made  by  the  Public  Works  Department;  province  of  Quebec,  along 
river  St.  Maurice;  the  city  of  Toronto  and  others. 

Methods  used  to  test  Field  Work 

As  the  work  from  the  field  enters  the  office,  the  following  tests  are  to  b  - 
applied : — 

i.  To  see  if  the  angle  equations  are  properly  satisfied.    The  average  error  is  1-5"  when  th® 

angle  equation  is  of  the  triangle  sort. 

ii.  To  see  if  the  side  equations  are  also  properly  satisfied  (see  p.  146  for  fuller  description  of  side 

equations).  Here  the  test  is  that  the  "absolute  average  shall  not  exceed  0-4"  for 
primary  work.  This  "absolute  average  y"  is  found  by  simply  adding  the  terms  of 
the  side  equations  together  irrespective  of  sign  and  dividing  the  result  into  the  numeri- 
cal term. 

Generally  speaking  we  may  expect  errors  as  given  by  the  adjustment  of  not  greater 
than  three  times  this  "average  v". 

Methods  used  in  the  Office  to  Refine  Field  Work 

At  the  outset,  it  might  be  well  to  remark  that  this  sub-article  on  "  Methods 
Used  in  the  Office  to  Refine  Field  Work  "  is  only  meant  to  be  an  outline  of 
what  has  to  be  done  in  the  office,  so  that  those  new  members  who  may  join  the 
office  in  the  future,  and  others  as  well,  may  be  able  to  know  the  methods  that 
were  employed  in  the  past  adjustments.  Methods  therefore  are  only  indicated 
and  reference  will  be  given  to  the  sections  of  the  different  books  wherein  such 
methods  are  contained  and  where  they  are  most  fully  described.  W^hile  Helmert's 
Higher  Geodesy  in  connection  with  Wright  and  Hayford's  Adjustment  of  Obser- 
vations was  mainly  used  and  consulted,  very  much  assistance  was  derived  from 
the  United  States  Coast  and  Geodetic  Survey  Reports  on  Geodesy,  and  it  is 
felt  that  very  much  assistance  will  always  be  derived  from  that  admirable 
pubHcation  "  AppHcation  of  the  Theory  of  Least  Squares  to  the  Adjustment  of 
Triangulation  "  by  Oscar  S.  Adams  of  the  United  States  Coast  and  Geodetic 
Survey,  a  book  which  has  only  recently  been  published. 

If  the  field  work  has  survived  the  preHminary  tests  as  given  above,  the 
next  step  is  to  correct  the  observations  for  the  small  systematic  errors  due  (i) 
to  elevation  of  object  pointed  upon,  and  (ii)  to  the  fact  that  the  true  line  between 
two  stations  should  be  a  geodetic  line  and  not  a  normal  plane  section. 
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(i)  Correction  due  to  Elevation  of  Object  sighted  upon 

This  is  primarily  due  to  the  fact  that  the  normals  to  an  elUpse  and  conse- 
quently to  an  ellipsoid  of  revolution  do  not  all  pass  through  the  same  point  as 
is  the  case  in  a  circle  or  sphere.  The  consequence  is  that  a  revolving  plane 
through  one  normal  would  not  pass  through  all  points  in  another  normal  at  the 
same  time,  but  would  intersect  the  second  normal  at  different  points  depending 
upon  the  amount  of  rotation,  thus: — 


Pi  Si  is  normal  at  Pi. 

Pi  Si  is  normal  at  Po  not  intersecting  the  line  SN  and  not 

parallel  to  Pi  *Si. 
Evidently  a  plane  through  Pi  Si  and  P2  of  azmuth  ct 

would  have  to  be  further  revolved  by  an  angle  y  to  cut 

the  line  at  P  (a  jflag  signal  for  example  which  is  h 

high). 

Before  this  extra  angle  y  is  determined,  we  will  first 

evaluate  x  of  figure  1. 
As  h  is  small  compared  with  the  earth's  radius,  x  can  be 

assumed  the  same  in  figure  2  where  P3  is  a  point  havin 

the  same  <()  as  P2. 


Approximately  arc  ±1  rs 
Approximately  arc  r  1  r 3 


Pi  Si  A<j>i  =  N  A(f,i 
PiT  A(P   =  Ri  Acl>. 


f      A<f>i\  f  Ri\ 

therefore  x  =  {A(f>  —  A<^i)  =  A0  (    1  )  =  A</>  I  1  ) 

\     A<t>  J  V  NiJ 


5  cos2  <^i  Ni 

A4>    since  — •  =  1  +  5  cos'  <pi 

(1  +  5  cos2  0i)  Ri 


where  5  = 


1  -  e2 

Returning  now  to  our  case  to  find  the  value  of  y, 
P2  Q  sin  a       P.2  Q  sin  a       h  x  sin  a 

y  = 


Pi  P2 

h  sin  a 


S 

8  cos2  (f>i 


A<1> 


S  (1  +  5  C0S2  0i) 

5  h  sin  a  cos  a  cos^  <^i 


(1  +  5  cos2  0i)  N 
5  h  cos^  01  sin  2  a 


S  cos  a 

since  A<^  =  \-  "2" 

N 


2  N 


ultimately 


=  0.108"  h  C032  (f}i  sin  2  a  approximately  where  h  is  in  kilometers. 

See,  for  fuller  information  on  this  correction,  Helmert's  Geodesy,  p.  189,  Crandall  p.  169,  Jordan  III,  p.  390. 
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Thus  it  will  be  seen  that  this  systematic  correction  which  theoretically 
should  be  applied  to  every  observed  direction  is  very  small  and  in  fact  generally 
much  smaller  than  the  probable  error  of  a  direction  which  is  0 .  ^"  approximately 
(see  p.  19)  and  therefore  the  correction  can  be  generally  omitted. 

In  the  province  of  Quebec  and  other  places  this  correction  was  studiously 
applied,  but  in  future  there  will  be  little  occasion  for  its  use  considering  the  low 
rolling  character  of  our  country. 

(ii)  Correction  due  to  fact  that  a  geodetic  line  should  he  used  in  place  of  a  line  made 

by  a  normal  plane  section 


Here  Pi  a  is  the  line  made  by  the  intersection  of  the  plane  Pi  Si  Pi  with  the  ellipsoid  and 
Pj  h  is  the  line  made  by  the  intersection  of  the  plane  Pj  8%  Pi  with  the  ellipsoid  and  these  two 
lines  do  not  coincide  because  of  the  fact  that  the  normals  at  Pi  and  Pj  do  not  intersect  at  a 
common  point  as  is  the  case  with  a  sphere,  but  at  the  two  distinct  points  Pi  and  Pj. 

The  real  line  to  be  used  in  geodetic  work  is  the  line  Pi  c  P2  which  is  called  a 
geodetic  line  and  which  has  the  property  of  being  the  shortest  line  between 
Pi  and  P2  and  whose  inclination  to  the  line  Pi  a  and  P2  h  is  very  small  being  given 
by  the  expression 

-0.028''  cos2  (t>  sin  2a  (  

VlOO 

where  a  is  the  azimuth  of  the  line 

and  c  is  the  distance  in  kilometers. 
Thus  all  observed  directions  which  are  along  the  line  Pi  a  or  P2  h  should  be 
corrected  by  the  above  correction.    This  correction  being  much  smaller  than 
0.4",  the  probable  error  of  a  direction,  is  not  generally  applied. 

(iii)  Selection  of  Angle  and  Side  Equations 

The  number  of  angle  equations  necessary  to  incorporate  a  new  point  being 
n— 1  where  n  is  the  number  of  lines  doubly  observed,  leading  to  such  point,  and 
the  number  of  side  equations  necessary  being  n  — 2  where  the  lines  are  not  doubly 
observed,  it  follows  that  generally  there  is  a  choice  in  the  selection  of  such  equa- 
tions every  time  a  new  point  is  incorporated  into  the  old  structure. 

Thus  in  a  quadrilateral  if  two  new  points  3  and  4  are  added  to  the  old  points 
1  and  2,  three  angle  equations  and  one  side  equation  come  into  play  and  there  is 
a  choice  in  the  selection  of  such. 
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For  the  first  few  years  of  the  office  work  the  following  was  the  method  of 
choice,  the  angle  equations  being :^ — 

(3)  -  (1)  +  (12)  -  (10)  +  (9)  -  (7)  +  (6)  -  (4)  4-  ^^1234  =  Ci 

(8)  -  (7)  +  (6)  -  (5)  -  (12)  +  (11)  -  (2)  +  (1)  +  Ex2,  -  Exn= 

(11)  -  (10)  +  (9)  -  (8)  +  (4)  -  (5)  +  (2)  -  (3)  +  Exz,  -  E^n  =  C3 

while  the  side  equation  was  taken  with  X  as  pole,  thus, — 
sin  (12-11)  sin  (3-2)  sin  (6-5)  sin  (9-8) 
  =  1 

sin  (11-10)  sin  (2-1)  sin  (5-4)  sin  (8-7) 

which  was  reduced  to  linear  form  as  given  in  Wright  and  Hayford,  p.  197, 
where  Ci,  C2,  and  C3  are  constants  depending  upon  the  observations, 
where  E  is  the  Spherical  Excess  of  the  figure  given  by  the  subscript. 


Fig.  4. 


This  method  undoubtedly  will  give  the  sharpest  solution  (see  Johnson's 
Theory  and  Practice  of  Surveying,  p.  515,  and  Jordan  I,  p.  249)  for  theory  on 
angle  equations  and  Jordan  I,  p.  233  to  p.  246  for  theory  of  selection  of  side 
equations. 

This  method  of  selection  has  now  been  superseded  by  that  of  picking  out 
any  three  triangle  equations  in  the  quadrilateral  and  choosing  the  pole  at  1,  2, 
3  or  4  in  place  of  X,  thus  giving  rise  to  a  6-term  side  equation. 

Thus  considerable  labour  is  saved  and  any  loss  of  accuracy  is  easily  shown 
to  be  well  within  the  probable  error  of  a  direction  which  is  generally  0-4". 

(iv)  Probable  Errors  of  Side,  Azimuth,  Latitudes  and  Longitudes  of  Points 

In  all  the  adjustments  the  probable  errors  of  the  lengths  of  the  external 
sides  of  the  nets  were  determined.  Thus  is  one  able  to  form  some  idea  of  where 
strength  or  weakness  exists  in  the  old  triangulation  scheme,  and  so  guide  himself 
accordingly  in  the  planning  out  of  new  field  work.  This  applies  particularly  to 
the  reconnaissance  man  who  can  thus  determine  R  (the  strength  of  a  side  as 
given  through  a  chain  of  triangles)  starting  from  one  side  of  an  adjusted  tri- 
angulation. 

The  probable  error  of  a  side  .  .  .  etc.,  does  not  depend,  however, 
just  on  the  observations  which  constitute  a  chain;  obviously  all  the  observations 
of  the  net  must  affect  such  probable  error. 

If  the  adjustment  is  done  by  the  method  of  condition,  we  express  a  differ- 
ential of  the  side,  or  of  an  azimuth,  latitude  or  longitude  as  a  function  of  the 
adjusted  values,  and  place  such  function  at  the  right  hand  side  of  the  correlate 
equations.  See  page  78  for  an  example.  The  theory  of  such  is  given  in  Wright 
and  Hayford's,  page  163  or  Helmert's,  Adjustments,  page  288. 

If  the  adjustment  is,  however,  done  by  the  method  of  co-ordinates,  one 
function  expressed  as  a  function  of  the  adjusted  values  is  placed  at  the  right 
hand  side  of  the  normal  equations.  See  page  57  of  the  Ottawa-Groveton  net  for 
example.  The  theory  of  such  is  given  in  Wright  and  Hayford's,  page  138  or 
Helmert's  Adjustments,  page  182. 
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The  probable  errors  of  the  latitudes  and  longitudes  of  distant  adjusted 
points  are  determined  generally  by  the  co-ordinate  adjustment.  A  tabulation 
of  some  such  values  is  given  on  page  20,  and  is  interesting  as  being  able  to  give  at 
once  the  probable  error  of  the  position  of  a  point,  as  is  the  case  with  ordinary 
astronomical  observations  for  latitude  and  longitude. 

The  order  in  which  the  normal  equations  were  solved  might  be  dwelt  upon 
briefly.    Three  methods  have  been  employed. 

First,  the  equations  were  so  arranged  as  to  present  a  diagonal  in  which  the 
numbers  decrease  from  left  to  right.  This  undoubtedly  gives  the  sharpest 
solution  {see  Jordan  I,  p.  248)  but  as  it  involves  far  more  labour  and  very  little 
accuracy  of  solution,  in  fact  an  increase  of  accuracy  which  is  within  the  probable 
error  of  the  adjustments,  this  method  has  been  abandoned. 

Secondy  the  equations  were  so  arranged  as  to  have  the  diagonal  of  the  normal 
equations  present  a  series  of  numbers  increasing  from  left  to  right.  This  is 
effected  generally  by  placing  the  angle  equations  first  in  the  correlate  equations 
and  the  side  equations  to  the  right  of  them.  The  Doolittle  method  of  evaluation 
as  given  in  Wright  and  Hayford's  Adjustments,  page  119,  was  used  with  very 
satisfactory  results. 

Third,  the  conditions  were  so  arranged  as  to  include  those  involving  each 
new  point,  i.e.,  the  correlate  equations  would  be  composed  of  a  series  of  angle 
and  side  equations  of  one  point,  followed  by  a  series  of  angle  and  side  equations 
necessary  to  the  inclusion  of  a  second  point,  and  so  on  for  the  inclusion  of  each 
new  point.  This  seemed  to  give  very  good  results,  the  Doolittle  method  of 
evaluation  being  used. 
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II 

DUSABLE-HALDIMAND  NET 

Description  of  Net 

This  net,  starting  from  a  region  of  Ontario  about  30  miles  west  of  Belleville 
and  running  along  the  shore  of  lake  Ontario,  thence  following  the  St.  Lawrence 
river  through  the  province  of  Ontario,  on  arriving  in  the  province  of  Quebec 
spreads  out  so  as  to  include  a  part  of  that  province  to  the  south  of  the  St.  Law- 
rence river,  and  finally  terminates  about  40  miles  east  of  the  city  of  Montreal. 

Previously  the  territory  covered  by  the  net  had  been  broken  up  into  several 
nets  and  each  given  a  separate  adjustment  to  give  temporary  values  according 
as  the  survey  progressed  with  time. 

Thus,  in  order  of  time,  were  adjusted  by  the  method  of  conditions  the 
following  nets: — 


Coteau  base  net  '   page  74 

Rigaud — North  Mountain  net   page  121 

Royal — North  Mountain  net 

King  Mountain — Murray  net   page  146 

Royal — Standon  net   page  111 


Object  of  Present  Adjustment 

With  the  establishment  of  two  Laplace  points,  one  at  Ottawa  and  one  at 
Murray,  and  the  measurement  of  another  base  near  Belleville,  the  westerly 
limit  of  the  net,  a  new  adjustment  was  necessary,  embracing  as  a  whole  all  the 
previous  nets. 

With  this  in  view,  and  in  conformity  with  the  agreement  in  1913  between 
the  late  Dr.  King,  Superintendent  of  the  Geodetic  Survey  of  Canada,  and  Mr. 
O.  H.  Tittmann,  Superintendent  of  the  United  States  Coast  and  Geodetic 
Survey,  whereby  our  triangulation  and  its  results  were  to  be  placed  on  a  common 
datum  to  be  known  as  the  North  American  Datum,  the  adjustment  was  made 
to  include  the  United  States  Coast  and  Geodetic  Survey  primary  line  Royal- 
Bellevue,  while  at  the  same  time  the  two  bases  and  two  Laplace  points  were 
incorporated. 

The  absolute  values  of  the  discrepancies  that  had  to  be  taken  up  and  distri- 
buted throughout  the  net,  were  as  follows : — 

4" -705  to  the  Geodetic  Azimuth,  Murray — Grimsthorpe  and  longitude  of  Murray. 
5" -377  to  the  Geodetic  Azimuth,  Murray— Asphodel       "  "  " 

3" -032  to  the  Geodetic  Azimuth,  Ottawa — King  Mountain  and  longitude  of  Ottawa. 
4" -243  to  the  Geodetic  Azimuth,  Ottawa— Wakefield  "  " 

These  absolute  values  were  obtained  from  the  ordinary  Laplacian  equation 
tto  —  Qg  =  —  (Xq  —  Xg  )  sin  <p. 

For  the  enlargement  of  this  condition  to  fit  into  a  co-ordinate  adjustment 
see  page  13 . 

For  formulae  for  the  base  condition  see  page  13 . 

The  Co-ordinate  Adjustment  used 

As  the  previous  net  adjustments  by  the  method  of  conditions  had  given 
values  of  the  0  and  X  of  points  which  were  very  near  the  truth  and  would  be 
considered  as  very  approximate,  a  co-ordinate  method  of  adjustment  was  used 
to  maintain  the  fixed  positions  of  the  United  States  Coast  and  Geodetic  Survey 
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points  Royal  and  Bellevue,  and  it  was  felt  that  such  an  adjustment  would  lend 
itself  easily  to  the  establishment  of  the  condition  equations  in  our  case  to  main- 
tain the  length  of  the  two  included  bases,  and  to  express  the  fact  that  two 
Laplacian  equations  were  formed  thus  re-defining  the  azimuth  at  the  stations 
where  such  Laplacian  work  was  done. 

Though  very  satisfactory  results  were  obtained  by  this  method  of  adjust- 
ment and  though  it  lends  itself  with  the  greatest  ease  to  the  incorporation  of  any 
conditions,  {see  p.  14  for  brief  theory,  and  p.  60  for  a  concrete  case  as  applied 
to  our  net  Dusable-Haldimand,)  yet  the  use  of  such  an  adjustment  generally  is 
not  recommended  on  account  of  the  extra  labour  involved  in  its  solution  over 
that  of  a  conditional  adjustment.  The  conditional  adjustment,  while  in  many 
cases  being  difficult  as  to  the  method  of  forming  certain  desired  conditions,  is  on 
the  whole  more  easily  handled  and  will  in  the  future  be  the  main  adjustment 
used  in  the  Geodetic  Survey  of  Canada,  relegating  to  secondary  or  other  simil- 
arly highly  conditional  work  the  co-ordinate  method  of  adjusting. 

Cursory  Explanations  on  Development  of  FoRMULiB 
1.  The  Observational  Equations^  how  formed. 


Fig.  5. 


Let  Pi  and  P2  be  preliminary  positions  of  two  points  1  and  2 
Let  Ti  and  T2  be  true  adjusted  positions  of  such  two  points 

Let  ap  be  the  inverse  azimuth  corresponding  to  two  preliminary  positions  Pi  and  Pj 
Let  ttT  be  true  inverse  azimuth  corresponding  to  the  points  Ti  and  T2 
Evidently  da,  i.e.  ai  —  ap,  must  be  some  function  of  d<t>i,  d\i,  d(t>2  and  dXz 

In  other  words  da  =  fid<t>i  +  fidXi  +  f3d(f>2  -H  fidX^  where  the/'s  stand  for  terms  which  must 
be  some  functions  of  the  position  data  of  the  line. 

With  this  understanding,  we  have 

ttT  =  ap  +  da 

But  ot  =  ao  4-  y  +  2 

where  "2"  is  an  orientation  factor  and  is  more  fully  explained 
on  page  14 . 
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Hence  our  observational  equation  is 

i^i2  =  —  2  +  ap  —  tto  + 

Ri  sin  an  R%  sin  an  N2  cos  4>-i  cos  a^ 

-  2  +  a'p  -  ao  H  d(i)i  H  d<l>2  -\  {d\i  -  d\i) 

mm  m 
=  —  z  +  ap  —  ao  -\-  Ai  d<f)i  +  A2  d4>2  +  B2  (dX2  —  d\i). 
m 

where  —  =  1  —  h 

s  W 
=  1  +  "2" 
where  S  =  length  of  a  side 

where  R  =  radius  of  curvature  for  a  meridional  section 
where  N  =  radius  of  curvature  for  a  normal  section 

where  an  denotes  that  the  observation  took  place  at  station  1,  with  pointing  on  station  2. 

For  information  re  the  derivation  of  the  co-efficients  of  c?</>2,  d\i,  d\2  in 
the  observation  equation  see  United  States  Coast  and  Geodetic  Survey  Special 
PubKcation  No.  28  on  ^'  Application  of  the  Theory  of  Least  Squares  to  the 
Adjustment  of  Triangulation  "  or  Helmert's  Hohere  Geodasie,  page  282. 

The  observation  equations  at  the  different  points  are  tabulated  on  pages  21 
to  25. 

2.  The  Conditional  Equations,  how  formed. 

One  of  the  main  reasons  for  the  use  of  the  co-ordinate  adjustment  was  the 
great  ease  of  formation  of  the  condition  equations  especially  if  such  conditions 
were  difficult  to  locate  and  form  as  is  often  the  case  with  a  conditional  adjust- 
ment. 

Thus  to  form  a  length  equation  \ 


Fig.  6. 


where  Pi,  Pj,  Ti  and  T2  have  the  same  significance  as  on  page  12  and  Sp  denotes  a  length 

corresponding  to  the  assumed  position  Pi  and  P2 

where  St  denotes  a  measured  length  corresponding  to  adjusted  positions  Ti  and  T2  we  see 
that  ds  i.e.  "St  —  Sp"  must  be  some  function  of  d({)i,  d\i,  d4>2  and  d\t 

Hence  our  condition  is 
1 

—  (5t— *5p)  =  Ri  cos  ai2  d</)  +  R2  cos  an  d(p2  +  N2  cos  02  sin  02  (AXi  —  AX2) 

sin  1' 

Again  to  transform  a  Laplacian  equation  so  as  to  be  suitable  material  to  be  incorporated  into 
a  co-ordinate  adjustment,  we  have, — 

cco  —  ttg  =  —  (Xo  —  Xg)  sin  <j>  the  ordinary  Laplacian  equation,  for  whose  derivation  see 

United  States  Coast  and  Geodetic  Survey  Report  entitled 
"Supplementary  Investigation  in  1909"  or  Jordan  Vermes- 
sungshunde  III,  page  610,  or  Helmert's  Hohere  Geodasie, 
page  537. 

■or  (ao  —  ap  —  da)  =  —  (Xo  —  Xp  —  dX)  sin  <^ 

or  tto  —  ap  =  —  (Xo  —  Xp  )  sin  <^  +  Aid<^i  +  Aid4>i  —  (B2  —  sin  <j>i)  d\i  -f-  B2  dX2 
Where  Ai,  A2  and  B2  have  the  designation  as  given  above.  , 

■3.  The  Conditional  Equations  and  their  Absorption  by  th^  Normal  Equations 

If  a  number  of  conditions,  in  our  case  4  Laplace  and  2  base  conditions,  occur 
in  conjunction  with  the  adjustment  of  co-ordinates,  we  could  either  eliminate 
these  conditions  before  the  normal  equations  were  formed,  or  employ  the  use  of 
•correlates,  equal  in  number  to  that  of  conditions,  and  apply  such  correlate 
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equations  directly  to  the  body  of  the  normal  equations  as  shown  by  the  following 
scheme : — 


A4>i        AXi        A<j)2  AXa       Absolute  term      Ki      K2      K3  Ka 


(aa)         (ah)        (ac)  (al)  pi       p2       pz       pt       pt  p^ 

(66)         (6c)  (60  qi  qz        q^        qt,  q^ 

(cc)  (cl)      -  n        r2        Tz        u        rs  n 

where  pi,  gi  n    .     .     .    ,  etc.,  are  the  coefficients  of  the  Laplace  and  base  conditions. 

The  theory  for  thus  allocating  the  conditions  to  the  end  of  the  normal 
equations  might  not  be  out  of  place. 

Let  the  observation  equations  in  A0i,  AXi    .     .     .    be  as  follows: — 


A^i  AXi  A  ^2  AX2  abs.  term  Residual 


ai  61             Cl             di  Vi 

az  62              C2              ^2  +^2  Vi 

az  63              cz              dz  -\-lz  V3 

tti  64              C4              di  -irU  V4 

etc., 

and  let  the  condition  equations  be: — 


A<t>i  AXi  A^2  AX2  abs.  term 


Pl  P2  P3  P4  '  —Po 

qi  32  ^3  qi  —qo 

ri  r2  n  n  —To 
etc. 


Using  correlates  K\,  Ki,  K3    .     .     .    etc.,  equal  in  number  to  the  number 
of  conditions,  the  minimum  function  to  be  differentiated  will  take  the  form: — 
(vv)  +  2Ki  (po  +  Pl  A</.i  +  P2AX1  +  p3A<^2 -f  P4AX2    .    .    .)+2K2(  .    .    .  )+etc. 

Differentiating  this  with  respect  to  A(pi,  AXi,  etc.,  we  obtain 

(av)  +  Xipi  +  K2qi  +  Kzn  +   =  0 

(bv)  +  K1P2  +  K2q2  +  Kzr2  +   =  0 

(cv)  +  Kxpz  +  K2qz  +  A'3r3  +   =0 

etc. 

or  unravelling,  by  substituting  for  the  f's  and  remembering  that  we  have  as 
many  conditions  to  add  as  horizontal  rows,  as  we  have  K's,  we  obtain  normal 
equations  in  A<^i,  AXi,  .  .  .  Xi,  i^2,  Kz  .  .  .  etc.,  symmetrical 
about  a  diagonal. 

4.  The  Orientation  Factor  how  treated. 

The  necessity  of  the  consideration  of  an  orientation  factor  2  "  in  the 
observation  equations  of  p.  arises  from  the  fact  that,  in  the  field,  an  observer 
does  not  observe  azimuths  directly  referred  to  a  line  where  azimuth  is  zero, 
but  that  he  observes  directions  referred  to  an  initial  line  considered  as  having  a 
deduced  reading  of  0°  +  v,  where  "  is  a  correction  to  the  observation  due  to 
pointing,  etc. 

If  the  angle  between  the  meridian  and  this  initially  observed  direction  is 
known,  the  azimuth  of  such  initial  line  can  be  written  out,  and  similarly  the 
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azimuths  of  all  the  other  directions  can  be  written  by  simply  adding  this  angle 
value  to  all  the  directions.  As  this  angle  value  is  not  generally  known  exactly 
but  has  an  outstanding  error  2  it  follows  that  in  the  reduction  of  the  system 
of  directions  to  that  of  a  system  of  azimuth  readings,  all  such  readings  will  have 
included  in  them  an  unknown  correction  "  2:  "  which  may  be  defined  as  the 
orientation  factor  "  Hence  the  observation  equation  takes  the  form 
V12  =  —  z      aa  —  ao  -\-  Ai  d(pi  +  A2  d<p2  +  B2  {d\2  —  d\i)  as  shown  on  page  12. 

It  now  remains  to  eliminate  this  factor  ^'  z"  as  expeditiously  as  possible. 
Two  methods  are  available. 

First,  we  could  form  the  partial  normal  equations  at  each  Point  (see  p.  52 
for  fuller  information  re  partial  normal  equations)  and  eliminate  ''2"  in  the 
ordinary  process  of  elimination.  Such  partial  normal  equations  would  be  of 
the  form: — 

z  A<pi  A\i  A<p2  AX2  abs. 

n  (a)  (6)  (c)  id)  (I) 

{aa)  (ah)  (ac)  (ad)  (al)  1 

(bh)  (be)  (bd)  (Jbl) 

where  n  "  is  the  number  of  observation  equations  at  a  given  point  and  where 
the  first  line  of  the  normal  equations  is  evidently  a  simple  sum  of  the  observation 
equations  at  such  point.  If  2  "  is  now  eliminated  we  would  obtain  the  follow- 
ing set: — 

A(f)  AX  A4>  AX  abs. 

(aa)  -  (a)  (a)_       (ab)  -  (6)  (a)      (ac)  -  (c)  («)_      (ad)  -  (d)  (a)        (al)  -  (I)  (a) 

Th  Th  72*  71/ 

(bb)  -  (b)  (bl      (be)  -  (c)  (bl      (bd)  -  (d)  (6)       (bl)  -  (I)  (^  II 
n  n  n  n 

The  second  method  of  treating  the  elimination  of  the  and  one  which 

it  is  believed  is  preferable,  is  to  employ  what  is  known  as  a  fictitious  observation 
equation  and  to  add  it  to  the  body  of  the  original  "  n''  observation  equations, 
thus, — 


A<f> 

AX 

A<t> 

AX 

abs. 

ai 

bl 

Ci 

di 

Ix  ' 

j         *  III 

03 

bs 

C3 

dz 

>  "n"  observation  equations 

(a)-i 

(b)-^ 

(0-4 

(d)-L 

V  ° 

V 

V  ° 

where  i  =  \/  —\ 

It  will  be  seen  that  this  fictitious  observation  equation  is  simply  the  sum 
equation  of  the  n  "  observation  equations  multiplied  throughout  by  ^'  " 
i.e.  as  if  it  had  a  weight"-^ 

It  will  also  be  seen  that  its  inclusion  in  the  original  n  "  observation  equa- 
tions, III,  will  give  normal  equations  which  will  be  exactly  the  same  as  those  in 
II,  in  which  the    2    is  eliminated. 
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5.  The  Normal  Equations,  partial  and  collected. 

An  examination  of  any  system  of  normal  equations  of  the  form: — 


A  03 

AX2 

abs. 

(aa)i° 

{ah) 

(ac) 

{ad) 

{al) 

m 

ihc) 

{hd) 

{hi) 

(cc) 

{cd) 

{cD 

{dd) 

{dl) 

where  {aa)\^  denotes  a  summation  for    n  "  observation  equations 
and  could  be  broken  up  so  that 

{aa)\  =  (aa)J  +  {aaY  +   {aa)^"" 

k+1 

and  where  similarly     (a5)?  =  (ab)^  +    (al)^  +   (aa)^'' 

k+1 

and  similarly  for  other  sum  terms  (aa) 
•shows  that  such  system  could  be  broken  up  into  a  series  of  partial  normal  equa- 
tions, thus: — 

the  first  system  of  partial  normals  being  formed  for  observation  equations 
1  to 

the  second  system  of  partial  normals  being  formed  for  observation  equa- 
tions A:  +  1  to  Z 

and  so  on,  and  that  the  sum  of  the  corresponding  terms  of  these  partial  normiil 
equations  would  amount  to  the  corresponding  term  in  the  collected  normal 
equations. 

Thus  each  partial  set  can  be  formed  and  checked  by  itself,  which  tends  to 
eliminate  errors  and  to  promote  accuracy  and  speed. 

In  our  case  partial  normal  equations  without  a  2  "  as  outlined  in  the  pre- 
ceding article,  were  formed  and  these  partials  were  finally  welded  together  to 
form  the  whole  collected  system. 

Nature  of  Successive  Differential  Solutions  and  Comparison  of 

Values  obtained. 

Successive  differential  solutions  were  made: — 

(1)  To  find  the  effect  of  the  inclusion  of  the  two  bases  at  Coteau  and 
Belleville.  These  corrections  are  to  be  considered  as  additive  to  the 
adjusted  values  of  the  (p  and  X  as  given  by  the  adjustment  of  the 
nets. 

(see  p.  25,  which  nets  were  conditioned  only  by  being  fixed  on  the 
United  States  line  Royal  to  Bellevue.) 

(2)  To  find  additional  effect  of  the  inclusion  of  the  Ottawa  Laplace 
point.  These  corrections  are  to  be  considered  as  additive  to  the 
values  as  given  by  (1). 

(3)  To  find  the  additional  effect  of  the  inclusion  of  the  ^Murray  Laplace 
point.  These  corrections  are  to  be  considered  as  additive  to  the 
values  as  given  by  (2). 

Thus  the  total  correction  will  be  the  sum  of  the  three  corrections  as  above 
•  outlined  and  which  are  shown  for  all  the  various  points  of  the  net 
on  page  25. 

For  a  quick  comparison  of  these  three  different  effects,  the  following  table 
which  is  an  extract  of  that  given  on  page  25  is  added,  where  the  points  included 
(3)  and  (42)  the  westerly  and  easterly  limit  of  the  net  and  a  series  of  inter- 
vening points  numbered  as  shown  on  page  45. 
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Point 

1st  effect 

2nd  eflfect 

3rd  effect 

Total 

Remarks 

AX 

AX 

A0 

AX 

A0 

due  to 
inclusion 
of  two 
Bases 

due  to 
inclusion 
of  Ottawa 
Laplace  Point 

due  to 
inclusion 
of  Murray 
Laplace  Point 

AX 

3  

•038 

-•073 

•082 

•134 

•028 

•073 

•148 

•134 

10  

•028 

-057 

•062 

•101 

•020 

•043 

•110 

•087 

16  

•023 

-040 

•035 

•071 

•008 

•020 

•066 

•051 

20  

•023 

-•030 

•013 

•058 

•001 

•013 

•037 

•041 

48* 

•038 

-004 

-•099 

•040 

-  Oil 

-■002 

-072 

•034 

*(A  point  on  northern  spur 

24  

•020 

-016 

-•021 

•029 

-003 

•004 

-•004 

•017 

of  net  and  so  mainly- 

32  

•005 

-•008 

-•001 

•005 

•000 

•001 

•004 

-•002 

influenced  by  Ottawa 

42  

•009 

-•001 

-•000 

-•005 

•000 

-001 

•009 

-•007 

Laplace  point.) 

Conclusions  on  Twist  of  the  Net 

An  examination  of  the  preceding  table  and  of  the  fuller  one  given  on 
page  25  will  show: — 

i.  The  preponderance  of  the  effect  (2)  over  effect  (1). 

Thus  the  triangulation  was  corrected  more  for  twist  than  for  scale, 
showing  the  heaUng  effect  of  Laplace  points. 

ii.  That  effect  (3)  was  small  between  Ottawa  and  Royal,  i.e.  the  Laplacian 

correction  at  Ottawa  as  given  by  effect  (2)  was  very  near  the  truth. 

iii.  That  the  triangulation,  before  effects  (2)  and  (3)  were  applied  was 

heading  too  far  southwards  towards  lake  Ontario,  and  consequently 
had  to  suffer  a  displacement  as  outlined  by  the  sums  of  effect  (2) 
and  (3)  and  which  gave  all  the  points  in  the  said  triangulation  a 
northerly  displacement  which  might  be  compared  in  its  effect  as  a 
whole  to  the  swinging  of  the  net  about  the  United  States  Coast  and 
Geodetic  line  Royal  to  Bellevue,  so  that  the  azimuth  of  all  lines 
would  be  increased. 
The  principle  of  the  successive  differential  adjustments  is  easily  seen  from 

the  following  example. 

Suppose  a  system  of  reduced  normal  equations  in  x,  y,  z,  u,  and  w  to  be  as 

follows: — 


X 

y 

z 

w 

1 

ai 

ai 

1 

h. 

hi 

1 

1 

di 

1 

abs. 
term 


System  I 


Omitting  the  last  unknown  w  "  this  system  could  evidently  be 
broken  into  two  other  systems  one  to  determine  Xi,  yi,  Zi,  and  Ui,  the  other 
a  differential  system  to  determine  Ax,  Ay,  Az,  Au  and  w,  as  follows: — 


Vi 

2/1 

1 

ai 

^2 

«3 

1 

^3 

1 

C3 

1 

abs. 
term 


System  II 
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Ax 


Ay 


Az 


Au 


abs. 
term 


1  Gi 

1  62 
1 


where  the  absolute  terms  m  Ax,  Ay,  Az  and  Au  are  0  which  amounts  to 
the  same  thing  as  taking  a  differential  of  each  corresponding  line  of 
system  II. 

Evidently  final  x  =  Xi  -\-  Ax,  and  similarly  for  other  terms. 

By  this  method  a  number  of  backward  solutions  were  made  but  with  this 
advantage  that  all  the  terms  in  the  body  of  each  differential  backward  solution 
were  necessarily  small  and  decreased  in  effect  as  the  solution  proceeded  towards 
the  left.  The  reduction  of  labour  and  a  tendency  towards  accuracy  by  use  of 
small  numbers  is  obtained  at  the  same  time  the  particular  differential  effect  is 
ascertained. 


tti    o 

64    o 

C4    o 

di    h 

1    ^5 


System  III 


ACCUKACY  OF  THE  ADJUSTMENT 

The  accuracy  of  any  adjustment  is  determined  not  only  by  the  size  of  the 
net,  i.e.,  the  number  of  observations  in  that  net,  but  is  also  indicated  by  examin- 
ing how  closely  the  adjusted  values  agree  with  the  observed  ones. 

The  first  criterion  amounts  in  fact  to  saying  that  for  an  ideal  adjustment 
all  the  observations -should  be  included  so  that  in  determining  the  maximum 
function  (vv)  such  function  should  refer  to  the  whole  system.  In  our  case 
something  like  275  observations  were  included  and  on  account  of  the  complexity 
of  the  net  and  its  great  width  in  comparison  with  its  length,  it  was  felt  that  it 
would  be  very  laborious  to  enlarge  the  system  much  beyond  its  present  dimen- 
sions. 

As  regards  the  satisfaction  of  the  absolute  terms  of  the  normal  equations 
which  really  shows  how  closely  the  adjusted  values  fulfil  the  condition,  we  note 
as  follows: — 


Absolute 

Absolute 

Equation 

term 

term 

observed 

computed 

Laplacian  Murray-Grimsthorpe  

4-705 

4-701 

Laplacian  Murray- Asphodel  

5-377 

5-372 

3-032 

3-029 

4-243 

4-233 

Length,  Belleville  Base  

-0-0557 

-0-0522 

Length,  Coteau  Base  

-0-0672 

-0-0625 

Probably  the  best  test  of  the  accuracy  of  the  adjustment  is  the  examination 
of  the  condition  that  the  sum  of  the  v's,  the  corrections  to  the  observations, 
about  a  point  ought  to  be  zero. 

This  condition,  while  a  little  difficult  to  prove  in  a  conditional  adjustment, 
at  once  follows  from  a  co-ordinate  adjustment  by  considering  the  fact  that 
(av)  =  0  which  reduces  to  (v)  —  0  where  the  a  "s  are  coefficients  of  the  z  " 
at  a  particular  point  and  are,  as  is  seen  by  an  examination  of  the  observational 
equations  on  page  21,  all  equal  to  unity. 
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Before  the  z;'s  were  computed  and  hence  before  their  sum  about  a  point 
could  be  known,  the  2;  "  at  each  point  was  determined  from  the  "  sum  " 
equation,  see  page  52,  by  substituting  the  A0's  and  AX's  in  such  sum  equation. 
Knowing  the  2  "  and  operating  on  each  observational  equation  the  i;'s  could 
be  easily  determined,  whose  summation  about  a  point,  is  illustrated  by  the 
following  table,  which  is  illustrative  for  a  few  selected  points. 


Point 

Number  of 
directions  at 
point 

Sum  of  y's 

about 
such  point 

4  

9 
11 

6 
8 
8 
10 
5 

+0  0001 
+0  0022 
-0  0008 
+0  0005 
+0  0017 
-0  0004 
-0-0005 

8  

16  

21  

27  

35  

41  

For  a  tabulation  of  the  observations  and  their  adjusted  values  see  page  27. 
For  a  tabulation  of  the  adjusted  angles  of  certain  triangles  see  page  32. 

The  Precisions 

The  objects  of  finding  the  precisions  of  parts  of  the  net  are  threefold, — 
1st.  To  find  the  strength  of  external  parts,  e.g.  sides  of  the  triangulation 

which  are  to  be  used  as  bases  for  new  triangulation. 
2nd.  To  find  the  probable  error  of  the  position  of  a  point  in  </>  or  X  which 
may  in  the  future  be  used  as  a  check  point  for  a  secondary  triangu- 
lation. 

3rd.  To  analyse  in  concrete  figures  what  the  particular  triangulation  is 
doing  as  regards  probable  twist  and  probable  scale  error. 
Such  precisions,  as  here  determined,  are: — ■ 

(1)  The  probable  error  of  a  direction, — 

Here     n  "  number  of  observations,  being  276 
"      m  "         "        observation  co-ordinates  141 
"       g "         "        conditions  6 
/  {vv) 

we  have  r  =  0.6745  (  

\  n  —  m-\-q 

=  0.432 

(2)  The  probable  error  of  a  function  of  the  adjusted  values. 

This  demands  that  we  find  the  reciprocal  of  the  square  of  the  weight 
of  such  function. 

Theory  says  that  such  weight  functions  are  to  be  placed  at  the  end 
of  the  normal  equations  and  evaluated  by  means  of  the  normal 
equations,  as  shown  by  the  following  scheme: — 


A0 

AX 

A(t> 

'  AX... 

K 

K 

(aa) 

{oh) 

(ac)..  . 

Pi 

Qi 

Fi 

m 

(be)... 

F2 

(cc)... 

P3 

93 

F3 

a  form  to  show  how  the  function  FiA<Ai  +  F2AX1  +  F3A</>2" 
is  to  be  placed.    See  page  57  for  concrete  case. 
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The  final  evaluation  is  according  to  the  formula 

r  /^V         {F,-\Y        (Fa -2)2 
L(aa)        (66-1)  (cc-2) 


{hh-D 

As  a  particular  application  of  this  theory  to  our  net 
determined  of 

(a) 


(6) 


ivv) 


•  4)n 

•  1)  I 


the 


(^3-1) 

precisions  were 


0  and  X  of  point  27 
(A  "    X      "  42 

<^  "  X 

40 

4>  "    \  " 

15 

<^  "  X 

44 

<A  "     X  " 

4 

"     X  " 

1 

line  joining  points 
((         (<  <( 

42 

and  48  and  designated  briefly 

42-48* 

42 

42-41 

<<            u  a 

41 

"   40  " 

<<  <( 

41-40 

<<            ((  <( 

26 

u  << 

26-30 

i(            ((  (( 

47 

"   48  " 

47-48 

a           <<  n 

18 

18-19 

1 

"     9  " 

1-  9 

42 

(<  a 

42-  3* 

i(           a  u 

2 

a       o  " 

<< 

2-  3 

(c)    direction  of  lines  joining  points  41  and  36  and  designated  briefly 


30 
49 
47 
20 
13 
4 


26 
21 
44 
15 
9 
2 


(41-36) 
(30-26) 
(49-21) 
(47-44) 
(20-15) 
(13-  9) 
(  4-  2) 


where  in  each  case  the  initial  number  denotes  station  at  which  observations  took 
place,  thus  for  (41-36)  the  observations  took  place  at  station  41. 

The  following  table  gives  the  probable  error  in  </>  and  X  of  a  series  of  points 
ranging  from  the  easterly  hmit  of  the  net  to  its  westerly  limit : — 


Point 


42 
40 
27 
44 
15 
4 
1 


P.  E.  in  0 


±0  007 
±0-003 
±0  003 
±0  006 
±0  008 
±0014 
±0014 


The  probable  errors  are  thus  small  and  well  under  the  size  of  the  systematic 
error  of  twist  as  corrected  by  the  Laplace  points  at  Ottawa  and  Murray.  (See 
p.  25  for  the  correction  due  to  such  points). 

The  following  table  gives  the  probable  error  of  some  external  sides  of  the 
triangulation  as  well  as  of  two    hypothetical  lines  ": — 


Line 


P.  EI.  in  metres 


Ratio 
E.  to  a  side 


Remarks 


42-41 

41-  40 
26^30 
47-48 
18-19 

1-  9 

2-  3 

42-  48 
42-  3 


±0-232 
±0-126 
±0-106 
±0-229 
±0-136 
±0-148 
±0  078 
±0-384 
±0-864 


n  383000 
n  361000 
n  287000 
n  150000 
n  234000 
n  315000 
n  428000 
n  527000 
n  519000 


A  hypothetical  cross-line 
A  hypothetical  cross-line 


•Particular  attention  is  directed  to  the  two  lines,  cross  country  lines  42-48  and  42-3. 
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Thus  the  probable  error  of  a  line  running  the  whole  length  of  the  triangula- 
tion was  only  0.864  metres.  The  probable  error  of  any  other  side  could  be 
found  by  a  similar  process  to  that  given  on  page  59  where  7i  =  reciprocal  of  square 
of  weight,  was  evaluated. 

The  following  table  shows  the  probable  error  of  the  corrections  to  some  of 
the  observed  directions. 


Direction 


Probable  Error 


41-36 
80-26 
44-21 
47-44 
20-15 
13-  9 
4-  2, 


±0-223 
±0-341 
±0-174 
±0-161 
±0-359 
±0-300 
±0165 


All  these  probable  errors  are  within  the  limits  ±0.432,  the  probable  error 
of  an  observation. 

OBSERVATION  EQUATIONS* 


DUSABLE-HALDIMAND  NET 


Station  Methuen — 
vi.t  =  —  Zl 

VI. t    =    —  21 

ri.i  =  —  21 

St.\tion  Asphodel — 
V2.1    =  -  22  +   52,372  Sifi 

V2.9  =  —  22 

»2.8  =  —  22 

P2.4  =  —  22 

V2.3  =  —  22 

Station  Haldimand — 
V3.2    =  -  23  -    69,246  8<pi 

V3.S  =  —  23 
V3*      =    —  23 

Station  Murray — 

-  24 


161,798  5Xi  - 


127,183  6X2 


Vi.lO 
Vi.6 
Vi.b 

U4.7 

Vi.3 
Vi.2 


193,791  8(f3 
99,983  5<p2 


+  5,989  5Xs 
-  103.551  5X2 


Station  West  Base— 
-t'6.4    =  -  26  +  674  ,  43  2  8(pi  +  105,775  5X4 

Vb.S  =  —  25 

Vb.C  =  —  26 

rs.ll  =  —  25 

Vb.1  =  —  25 

Station  East  Base — 
r«.4    =  -  26  +  270,508  8<pi  +   55,213  6X4 

P6.g  =  —  28 
»6.11  =  —  2« 
re. 7      =    —  26 

Tt.i    =  -  26  +  449,760  8<pi  +  106,277  5Xb 
Ameliasburg- 


+  280,610  8<pt 
+  305,604  8(ps, 


vr.i  =  —  27 

»7.6  =  —  27 

f7.8  =  —  27 

VI. t  =  -  27  -    83,360  8<p^ 

V7.\0  =  —  27 

C7.ll  =  —  27 


-  89,968  5X4 

-  231,050  5X5 


302,099  5X« 


+  52,3725^1 

162,499  5X1 

52,156 

5^2 

+ 

162,499 

5X2 

+  134,153 

5^1 

+ 

16,833  5Xi 

134,326 

8<f9 

16,833 

5X» 

+  75,290 

8<pi 

61,650  5X1 

74,800 

8<pi 

+ 

61,650 

5X8 

-  52,156 

8<P2 

+ 

161,798  5X2 

+  90,112 

8<P2 

+ 

56,208  5X2 

90, 603 

8<f9 

56,208 

5X9 

+  165,686 

8<P2 

59,692  5X2 

165,292 

8<ps 

+ 

59, 692 

5X8 

+  99,983 

8<p2 

104,249  5X2 

99,524 

8<pi 

+ 

104,249 

5X4 

+ 

-  69,246 

8<f>2 

127,881  5X2 

+ 

68,914 

8<P3 

+ 

127,881 

5X3 

+ 

+  68,914 

8<P3 

+ 

127,183  5Xs 

+  130,305 

8<P3 

+ 

34,099  5X3 

130,621 

8(ps 

34,099 

5X8 

+  193,791 

8<P3 

+ 

5,293  6X3 

193,830 

8<fi 

5,293 

5X4 

+  26,959 

8<p< 

+ 

64,287  5X4 

27,231 

8<P9 

64,287 

5Xb 

+  207,574 

8<pi 

+ 

210,549  6X4 

208,036 

8<p& 

210,549 

5X8 

+  121,967 

8(pi 

+ 

55,459  5X4 

122,410 

8<PlQ 

55,459 

5X10 

+  270,508 

5<pi 

+ 

54,516  5X4 

270,763 

8(pr, 

54,516 

5X6 

+  674,432 

8<p* 

+ 

105,079  5X4 

674,635 

8(pi 

105,079 

5X5 

+  135,328 

8<pi 

22,012  5X4 

135, 122 

8<pn 

+ 

22,012 

5X11 

+ 

+  280,610 

8<pi 

90,663  5X4 

280,247 

8  if-, 

+ 

90, 663 

6X7 

-  193,830 

8(pt 

5,989  5X1 

+ 

-  99,524 

8<pi 

+ 

103,551  6X4 

-  674,635 

8<pb 

105,775  5X5 

+  50,133 

8<p, 

+ 

362,516  5X5 

50, 230 

8<ps 

362,516 

5Xs 

+ 

+  449,760 

8ipi 

+ 

105,581  8Xt 

450,049 

8(fi 

105,581 

5X6 

+ 

+  160,083 

8<f, 

38,713  6X6 

159,791 

8<fn 

+ 

38,713 

5Xu 

+ 

+  305,604 

8ipi 

231,746  8\i 

305,117 

8<f7 

+ 

231,746 

5X7 

+ 

-  270,763 

8<pt 

55,213  5X« 

-  362,934 

8<P6 

+ 

188,132  SXe 

+ 

363,399 

5(^8 

188,132 

6X8 

+  185,866 

8<P6 

93,899  5X6 

185,408 

8<fn 

+ 

93,899 

5X11 

+ 

-  83,360 

8<pi 

302,795  5X« 

+ 

83,174 

8<pi 

+  302,795 

5X7 

+ 

-  450,049 

8(pi 

106,277  5X6 

+ 

-  280,247 

8<f! 

+ 

89,968  5X7 

-  305,117 

8<pi 

+ 

231,050  5X7 

-  91.650 

8ip7 

+ 

174,783  5X7 

+ 

91,973 

8(fs 

174.783 

5X8 

+  83,174 

8<P7 

+ 

302,099  5X7 

+ 

+  85,280 

8<P7 

+ 

107,581  5X7 

85.701 

5<^io 

107,581 

5X)o 

+  244,488 

8ip7 

10,639  5X7 

244,431 

5<^ii 

+ 

10,639 

6X11 

+ 

•See,  for  fuller  information  on  this  correction,  Helmert'a  Geode.sy,  p.  189,  Crandall  p.  169,  Jordan  III,  p.  390. 
•Particular  attention  ip  directed  to  the  two  lines,  cro.ss  country  lines  42-48  and  42-3. 
*For  the  derivation  formulae  of  these  observation  equations  see  p.  12. 
•The  symbol  1.2  denotes  the  direction  from  station  1  to  station  2. 


0,000 
0,843 
0,316 

0,000 
1,037 
0,902 
1,092 
0,986 

O.OOo 
0,344 
0,493 

COOn 
0,220 
O.lSg 
0.377 

1.175 
0,23o 
0,374 
0,43? 
0.38^ 

0,000 
2,021 
1.493 
2,276 
0,689 

0,000 
0,476 
0,378 
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0,911 

0,000 
0,215 
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28 
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28 
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28 
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28 
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28 

I'S.U 

28 
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28 
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28 

VS.S 
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29 
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29 
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29 

1)9.8 
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Z9 

1)9.2 

29 

V9.1 
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OBSERVATION  EQUATIONS— Conimwerf 

DUSABLE-HALDIMAND  NET— Continued 

Station  Oak  Hill — 

+  207,574  8ipi  +  211,246  BXt   -  208,036  8<ps  -  211,246  SXs 

+  130,305  Sv'a  +  34,796  5X3   -  130,621  5</js  -    34,796  5Xs 

+  165,686  5v?2   -  58,994  5X2    -  165,292  6<^8  +    58,994  6X8 

+    75,290  8<pi   -  60,950  5Xi    -    74,800  5<^8  +    60,950  SXg 

+  22,397  8<p»  +  87,318  SXs  -  22,572  8(p9  -  87,318  8X9 
+  69,657  5(^8  +  69,369  5X8  -  70,125  5v?i3  -  69,369  5Xi3 
+  212,384  5v78  +  51,530  5X8  -  212,684  8<pio  -  51,530  5Xio 
+  123,084  8(ps  -    62,877  5X8   -  122,623  8<pn  +    62,877  5Xu 

-  362,934  8<p6  +  188,829  5X5   +  363,399  8<pi  -  188,829  5X8 

-  91,650  8<p7  +  175,480  5X7  +  91,973  8<ps  -  175,480  5X8 
+   50,133  5^5  +  363,213  5X5   -    50,230  5<p8  -  363,213  5X8 

jRiMSTHORPE  ^  137,003  5(^9  +  8,051  5X9  -  137,088  8<pu  -  8.051  5Xu 
+  265,198  8(p9  -  62,667  6X9  -  264,902  8<pu  +  62,667  5Xi3 
+    55,891  8<p9   -    94,023  5X9   -    55,534  5<pio  +    94,023  5Xio 

+    22,397  5<^s  +  88,019  5Xs    -    22,572  8<p9   -    88,019  5X9 

+    26,959  8<pi  +  64,987  5X4    -    27,231  5^9   -    64,987  5X9 

+    90,112  5^72  +  56,909  5X2    -    90,603  5v?9   -    56,909  5X9 

+  134,153  5^71   +  17,536  5Xi    -  134,326  5(^9   -    17,536  6X9 

Station  Tyendinaga — 

fio.13  =  -  210  +    22,721  6^710  +  131,549  5Xio  -    22,842  8<pu  -  131,549  6X13 

1)10.12  =  -  210  +  134,128  8<pio  +    23,065  5Xio  -  134,354  6^12  -    23,065  6X12 

Dio.ii  =  -  210  +   41,136  8<pw  -  130,183  6X10  -    40,924  8<pn  +  130,183  5Xu 

D10.7  =  -  210  +    85.280  8(p7  +  108.278  6X7    -    85,701  8<pio  -  108,278  5Xio 

1)10.4  =  -  210  +  121,967  8(fi  +  56,157  6X4    -  122,410  5(^io  -    56,157  5Xio 

1)10.8  =  -  210  +  212,384  8<p»  +  52,228  8\s   -  212,684  8<pio  -    52,228  5Xio 

1)10.9  =  -  210  +    55,891  8<p9   -  93,322  6X9    -    55,534  5(/5io  +    93,322  5Xio 

S7ATI0N  HaLLOWELL — 

1)11.4  =  -  211  +  135.328  8<pi   -  21,316  6X4    -  135,122  5^ii  +    21,316  5Xii 

1)11.5  =  -  211  +  160,083  8(p-.   -  38,017  6X5   -  159,791  8<pn  +    38,017  5Xii 

cn.e  =  -  211  +  185,866  8<p6   -  93,203  5X6   -  185,408  8<pn  +    93,203  5Xii 

tii.8  =  -  211  +  123,084  8<pi  -  62,181  6X3   -  122,623  8<pn  +    62,181  5Xii 

1)11.10  =  -  211  +    41,135  8<pio  -  129,486  5Xio  -    40,924  8(pn  +  129,486  5Xu 

D11.12  =  -  211  +    70,291  8(pn  +    60,124  6X11  -    70,774  6.^12  -    60,124  6X12 

1)11.7  =  -  211  +  244,488  8(p7   -  9,944  6X7    -  244,431  8<pn  +     9,944  5Xii 

Station  Portland— 

fi2.i6  =  -  212  +    97,315  8(pn  +  120,352  6X12  -    97,744  8(pi6  -  120,352  5Xi« 

D12.18  =  -  212  +  122,567  5(^12  +    11.358  6X12  -  122,696  5^718  -    11,358  5Xi8 

1)12.11=  -  212  +    70,291  8<pn  +  60,821  5Xii  -    70,774  6^12  -    60.821  6X12 

t'12.10  =  -  212  +  134,128  5(^10  +  23,764  5Xio  -  134,354  6(^12  -    23,764  6X12 

1)12.13  =  -  212  -  118,357  8(pu  +    48,165  6X12  +  118,784  8<pi3  -    48.165  6X13 

1-12.14  =  -  212  -    70.803  5(^12  +  108,949  6X12  +    71.182  8(pu  -  108.949  5Xu 

Station  Kaladar — 

ru.io  =  -  213  +    22,721  5(^io  +  132,250  5Xio  -    22,842  8ipn  -  132,250  6X13 

D13.8  =  -  213  +    69,657  8ip%  +  70,069  5X8   -    70,125  8<pn  -    70.069  6X13 

i'i3.9  =  -  213  +  265,198  8ip9   -  61,964  6X9    -  264,902  8<pn  +    61,964  5Xi3 

1)13.15  =-  213  +    69,583  6^13  +    58,672  5Xi3  -    70,076  5(pi5  -    58,672  6X13 

i'i3.i4  =  -  213  +  215,504  8(pn  +    69.450  6X13  -  215,878  8<pu  -    69,450  5Xi4 

1)13.12  =  -  213  -  118,357  5(^12  +  48,867  6X12  +  118,784  8<px%  -    48,867  6X13 
Station  Olden— 

1)14.12  =  -  214  -    70,803  8ipu  +  109,651  6X12  +    71,182  5^514  -  109,651  5Xi4 

1)14.13  =  -  214  +  215,504  5(^13  +  70.154  6X13  -  215,878  8(pu  -    70,154  5Xi4 

D14.9  =  -  214  +  137,003  8<f9   +  8.755  6X9    -  137.088  5^i4  -     8,755  5Xi4 

t'14.15  =  -  214  +    64,253  8<pu  +  115,367  5Xi4  -    64,596  8<pi6  -  115,367  5Xio 

ti4.i6  =  -  214  +  191,493  8<pu  -    25,705  5Xi4  -  191.314  8<pi6  +    25.705  5Xi6 
Station  Lavant — 

1)15.16  =  -  215  +   61.755  5(^15  -    93.600  6X15  -    61,370  8(pi6  +    93.600  5Xi« 

D15.I4  =  -  215  +    64,253  8<fu  +  116,073  6X14  -    64,596  8<pn  -  116,073  6X15 

1)15.13  =  -  215  +    69,583  8ipu  +  59,378  6X13  -    70.076  6(^15  -    59.378  6X15 

D15.21  =  -  215  +    62,383  5(^15  +    34,120  6X15  -    62,876  5<^2i  -    34,120  6X21 

1)15.20  =  -  215  +  137,048  8(pii,  -    20,284  6X15  -  136,850  5(/?2o  +    20,285  6X20 

1-15.17  =  -  215  +    79,028  5(^15  -    49,226  5Xi5  -    78,532  8(pii  +    49,226  6X1: 
Station  North  Crosby — 

1)16.17  =  -  216  +  233,211  8tpi6  -     1,861  5Xi6  -  233,202  8ifi-.  +     1,861  5Xi7 

ri«.i8  =  -  216  +  133,105  5(^16  -    59,337  6X16  -  132,660  5(^i8  +    59,337  6X18 

t)i«.i2  =  -  216  +    97,315  5sfi2  +  121,054  6X12  -    97,744  6^10  -  121,054  5Xi6 

»i«.i4  =  -  216  +  191,493  5(^14  -  25,002  5X)4  -  191,314  8ipu  +    25,002  5Xi6 

1)18.16  =  -  2n  +    61,755  5(^15  -  92,894  6X15  -    61,370  6(^15  +    92,894  5Xi6 

1)16.20  =  -  216  +  102,319  5^16  +   85,463  5Xi6  -  102,813  8<ptQ,-    85,463  6X20 

Station  Bastard — 

ri7.i6  =  -  217  +  233,211  5(^16  -  1,158  5Xi6  -  233,202  8(pii  +     1,158  5Xi7 

i'i7.i5  =  -  217  +    79,028  5(^15  -  48,521  6X15  -    78,532  8<pn  +    48,521  6X17 

ri7.20  =  -  217  -     7,807  8ipn  +  146,157  5Xi7  +     7,845  5(^o  -  146.157  5Xm 

ri7.i9  =  -  217  +  209,356  6(^17  +     1,995  5Xi7  -  209,372  8<pi9  -     1.995  6X19 

»i7.i8  =  -  217  '         +    91,668  5(^17  -  192,408  5Xi;  -    91,365  8ipn  +  192,408  5Xi8 
Station  Lansdowne — 

ri8.i»  =  -  218  +  146,078  5(/?is  +    97,373  5Xi8  -  146,573  6(^19  -    97,373  6X19 

m.ii  =  -  218  +  122.567  5(^12  +  12,058  6X12  -  122,696  8<px%  -    12,058  5Xi8 

Dis.ie  =  -  218  +  133,105  5(^16  -  58,635  5Xi6  -  132,660  8<fii  +    58,635  5Xis 

1)18.17  =  -  218  +    91,668  6(^17  -  191,706  5Xi7  -    91,365  5.;fi8  +  191,706  6X15 

Station  Elizabethtown — 

,,19.17  =  -  219  +  209,356  8<pn  +  2,698  5Xi7  -  209,372  5v?i9  -     2,698  5Xi9 

„i9.J0  =  -  219  -  104,382  6(/?i»  +    71,518  6X19  +  104.882  8ip^.Q  -    71.518  6X20 

„i9.22  =  -  219  +    40,619  6v?i9  +    98,349  6X19  -    40,890  6(^22  -    98,349  5Xij 

19.18  =  -  219  +  146,078  5(^18  +  98,075  5Xi8  -  146.574  6^19  -    98,075  5Xif 


u,  uuu 

0  451 

0  01 1 

U,  loo 
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+ 
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+ 
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nr 
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_^ 

0  799 

4_ 

I 

0!  813 
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1  009 

0;i73 

+ 

1,431 
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Adjustment  of  Triangulation  in  Ontario  and  Quebec  23 
OBSERVATION  EQUATIONS— Con^mwec^ 

DUSABLE-HALDIMAND  NET— ConiinMed 

Station  Elmsley— 

1)20.21  =  -  Z20                                                +    31,669  5<^o  +    69,382  SXjo  -    31,965  h<pn  -  69,382  5Xn  O.OOq 

t)20.2a=  -  Z20                                                +  135,462  5<^2o  +    25,620  5X20  -  135,715  b<fi%  -  25,620  6X22  -  0,809 

1)20.19  —  —  220  —  104,382  5<;i?i9  +    72,222  6X19  +  104,882  5<;C20  -    72,222  5X20  -  0,174 

J)20.i7  =  -  220  -     7,807  bipn  +  146,862  b\u  +     7,845  b<p2a  -  146,862  5X20  -  0,75? 

D20.16  =  -  220  +  102,319  5<^i8  +    86,168  SXie  -  102,813  6<^2o  -    86,168  6X20  -  0,24q 

7)20.15  =  -  220  +  137,048  8(pii  -    19,577  6X15  -  136,850  5<^20  +    19,577  SXsn  -  0,49o 

Station  King  Mountain — 

t)2i.2B  =  -  221                                                +  152,962  5(p2i  +    48,487  6X21  -  153,348  5^26  -  48,487  6X26  0,00^ 

t>2i.26  =  -  221                                                +  100,801  8(p2i  +     1,185  5X21  -  100,823  0<p26  -  1,185  SXso  +  1,54" 

7)21.24  =  -  221                                                +  169,399  5sP2i  -    19,841  EX21  -  169,236  5(p2i  +    19,841  6Xm  +  0,66" 

D21.23  =  -  221                                                +    80,059  5(^21  -    25,528  5X21  -    79,680  5 v?23  +  25,528  5X23  +  0,86" 

D21.49  =  -  221                                                +  298,481  5<^2i  -  191,770  5X21  -  297,972  5(^49  +  191,770  5X49  +  0.13? 

1)21.22  =  -  221                                                +    56  ,  74  6  5  ^21  -    75,589  5X21  -    56,325  8(p22  +  75,589  5X22  +  0,21^ 

7)21.20  =  -  221  +    31,669  8(p2o  +    70,091  5X20  -    31,965  5v?2i  -    70,091  5X21  +  1,06° 

7)21.15  =  -  221  +   62,383  8ipii  +   34,830  5Xi5  -    62,876  5<p2i  -    34,830  5X21  +  0,33^ 

0 

Station  North  Mountain— 

7)22.24  =  -  222                                                +    42,454  5</?22  +  101,424  5X22  -    42,730  5v524  -  101,424  5X24  0,00^ 

7)22.23  =  -  222                                                +  130,476  5(^22  +    37,004  5X22  -  130,827  5^23  -  37,004  SXij  -  0,3l" 

1)22.19  =  -  222  +    40,619  5<^i9  +    99,055  5Xi9  -    40,890  5<^22  -    99,055  5X22                         •  -  0,04; 

r22.20  =  -  222  +  135,462  5v?20  +    26,326  5X20  -  135, 715,  5^522  -    26,326  5X22  +  0,99' 

D22.21  =  -  222  +   56,746  8(p2i  -    74,878  5X21  -    56,325  8<p-22  +    74,878  5X22  -  0,07" 

5 

Station  Roxboro — 

7;''3.2e  =  -  223                                                -    20,559  8<p23  +  142,628  5X23  +    20,661  5<^26  -  142,628  oXjs  0,00o 

1)23.27  =  -  223                                                +  317,361  5(^23  +  115,114  5X23  -  317,774  5<p27  -  115,114  5X27  -  0,314 

7)23.28  =  -  223                                                +  286  ,  57  1  5  ^23  -  152,766  5X23  -  286,084  5<^28  +  152,766  5X28  -  0,13, 

7)23.22  =  -  223  +  130,476  5.^22  +    37,713  5X22  -  130,827  5^23  -    37,713  5X23  -  0,40o 

7)23.24  =  -  223                                              -  130,623  5^723  +    73,189  5X23  +  131,120  5v'24  -  73,189  5X24  -  0,363 

Station  Navan— 

7)24.21  =  -  224  +  169,399  5</)2i  -    19,129  5X21  -  169,236  8<t>2i  +    19,129  5X24  0,000 

„o4.,5  =  -  224                                                -    28,155  5^,4  +  204,548  5X24  +    28,253  5026  -  204,548  5X25  -  0,340 

7)24.26  =  -  224                                                +  222,653  5024  +    43,134  5X24  -  222,916    5</)28  -    43,134  5X2«  +  0,125 

=  -  224                                                +  125,319  5024  -    30,471  5X24  -  125,007  5027  +  30,471  5X57  +  0,547 

1,24.03  =  -  224  -  130,623  5023  +    73,900  5X23  +  131,120  5024  -    73,900  5X24       '  -  0,248 

t,.,4,^2  =  -  224  +    42,454  5022  +  102,135  5X22  -    42,730  5024  -  102,135  5X24  +  0,175 

7)24.49  =  -  224                                              -  246,368  5024  -    32,563  5X24  +  246,185  5049  +  32,563  5X49  -  0,602 

Station  Buckingham — 

7)25.26  =  -  225                                                +  178,493  5025  -    62,903  5X25  -  178,083  5026  +  62,903  5X26  0,000 

i'2=.24  =  -  225  -    28,155  5024  +  205.262  5X24  +    28,253  5025  -  205,262  5X25  +  0,840 

D25.49  =  -  226                                                -  120,234  5026  -    97,351  5X25  +  119,727  5049  +  97,351  5X49  +  0,866 

7)25.21  =  -  225  +  152,962  5021  +    49,201  5X21    -153,348  502&  -    49,201  5X25  +  0,49d 

7)25.43  =  -  '25                                              -  167,043  5025  -    50,027  5X26  +  166,674  5043  +  50,027  5X«  +  0,48o 

7)25.44  =   -  225                                                               -  184,903  5025  +     36,121  5X26  +  185,171  5044  -  36,121  5X44  +  0,73 

7)25.46  =-  225                                                -    93,133  5026  +    66,389  5X25  +    93,650  5046  -  66,389  5X46  +  0,529 
Station  Plantagenet— 

7)06.30  =  -  226                                                +  208,955  5026  +     3,854  5X26  -  208,984  503o  -  3,854  5X30  OlOOl 

7)26.27  =   -  226                                                                  +  136,743  5026  -   116,537  5X26   -  136,241  5027  +  116,537  5X27    -  0,89o 

7)26.23  =  -  226  -    20,559  5023  +  143,339  5X23  +    20,661  5026  -  143,339  5X26  +  0.00, 

7;26.24  =  -  '26  +  222,653  5024  +   43,847  5X24  -  222,916  5026  -   43,847  5026  -  0,80| 

P26.25  =  -  226  +  178,493  5025  -   62,189  5X20  -  178,083  5026  +   62,189  5X26  -  0,46| 

Station  Maxville —  5 

227  +  136,743  5026  -  115,825  5X26  -  136,241  5027  +  115,825  5X27  0,000 

227                                                +  104,905  5027  +  152,312  5X27  -  105,306  503o  -  152,312  5X20  -  0,25., 

£27                                                +  133,182  5027  +   39,882  5X27  -  133,551  5035  -  39,882  5X35  +  0,36^ 

227                                                +  420,234  5027  -    50,993  5X27  -  420,066  5029  +  50,993  5X29  +  0,54^ 

-  227                                                +  114,927  5027  -    41,916  5X27  -  114,515  5033  +  41,916  6X33  +  1,26" 

-  227                                                -    29,838  5027  -  237,339  5X27  +    29,748  5028  +  237,339  5X28  +  1,285 

-  227  +  317,361  5023  +  115,824  5X23  -  317,774  5027  -  115,824  5X27  +  1,117 

-  227  +  125,319  5024  -    29,760  5X24  -  125,007  5027  +    29,760  5X27  +  1,129 

Q 

Station  Bonville— 

,28.29  =  -  :28                                             +  194,703  5028  +  136,705  5X28  -  195,210  5029  -  136,705  5X29  0,000 

,,28.33  =  -  228                                                +  138,453  5028  -     8,247  5X28  -  138,372  5033  +  8,247  5X33  +  0.840 

28.23  =  -  228  +  286,571  5023  -  152,056  5X03  -  286,084  5028  +  152,056  5X28  +  0,320 

=  _       _    29,838  5027  -  236,630  5X27  +    29,748  5028  +  236,630  5X28  +  0,248 


7)27.26  = 
7)27.30  = 
7)27.36  =    —  2-27 
^27. 29 
7)27.33 
7)27.28 
7J27.23 
7)27.24 


Station  Alexandria 

7^29.30 
D29.36 
l'29.31 
7)29.33 
V29.28 


229  -    28,604  5029  +  167,807  5X29  '+    28,724  503o  -  167,807  5X30  O.OOq 

229  +  155,384  5029  +    84,269  5X29  -  155,877  5035  -    84,269  5X35  +  1,408 

-  229  +  276,034  5029  +  128,781  5X29  -  276,503  503i  -  128,781  5X31  -  0,300 

-  229  +  148,580  5029  -    72,203  5X29  -  148,108  5033  +    72,203  5X33  -  0,79? 

-  229  +  194,703  502S  +  137,415  5X28  -  195,210  5029  -  137,415  5X29                                                -  O.lSg 
1,29.27  =  _  329  +  420,234  5027  -    50,283  5X27  -  420,066  5029  +    50,283  5X29                                                -  0,189 

Station  Vankleek — 

7)30.35  =  -  230  +  210,750  5030  -    33,933  5X30  -  210,530  5035  +    33,933  5X35  O.OOq 

7)30.31  =  -  230  +  199,234  5030  -  115,188  5X30  -  198,733  503i  +  115,188  SXsi  +  O.865 

7)30.29  =  -  230  -    28.604  5029  +  168,519  5X29  +    28,724  503o  -  168,519  5X30  -  0,55$ 

7)30.27  =  -  230  +  104,905  502T  +  153,024  5X27  -  105,306  503o  -  153,024  5X30  +  0.48o 

7)30.26  =  -  230  +  208,955  5026  +     4,567  5X26  -  208,984  50.o  -     4,567  5X30  +  0,937 

Station  Newton — 

T)3i..35  =  -  231  +  346,356  5031  +  232,005  5X31  -  346.866  5035  -  232.005  5X35  0,000 

»3i.34  =  -  231  +  295,394  5031  -  105.168  5X31  -  294,985  5034  +  105.168  5X34  +  0,087 

7)31.32  =  -  231  +  147,986  5031  -  237,997  5X31  -  147,612  5032  +  237,997  5X32  -  0,104 

7)31.33  =  -  231  +    75,583  5031  -  124,405  5X31  -    75,215  5033  +  124,405  5X33  -  0.514 

7)31.29  =  -  231  +  276.034  5029  +  129.492  5X29  -  276.503  503i  -  129.492  5X31  -  0.924 

1)31.30  =  -  231  +  199,234  5030  -  114,476  5X30  -  198,733  503i  +  114,476  5X31  +  0,545 


24  Geodetic  Survey  of  C  anada 

OBSERVATION  EQUATIONS— Con^mwed 

DUSABLE-HALDIMAND  NET— Continued 

Station  West -Base— 

P32.36  =  -  282  +    27,037  6032  +  177,004  0X32  -  27,146  5036  -  177,004  dXat  COOn 

P32.S4  =  -  232  +  415.753  6</>32  +  205,499  8X31  -  416,230  5034  -  205,499  6X34  +  1,278 

W2.88  =  -  232  +  116  ,  3  1  7  5  032  -    45,237  6X32  -  115,891  5038  +    45,237  6X38  +  l,53o 

rj2.3J  =  -  232  +  153,955  5032  -  259,830  5X32  -  153,594  5033  +  259,830  SXaa  +  1,037 

C32.31  =  -  232  +  147,986  6031  -  237,286  6X31  -  147,612  6032  +  237,286  6X32  -  O.H? 
Station  Huntingdon — 

i'83.32  =  -  233  +  153,955  5032  -  259.121  6X32  -  153,594  5033  +  259,121  6X33  0,000 

vs3.3b=  -  233  -    13,839  5033  +  111,766  5X33  -I-  13,928  5035  -  111,766  6X35  -  0,229 

»$3.34  =  -  233  +    52,114  5033  +  197,807  6X33  -  52,296  5034  -  197,807  6X34  +  0,224 

«33.37  =   -  233  +     68,125  5033  +     42,485  5X33  +  0,718 

1)33.38  =  -  233  +  167,660  6033  -    27,669  6X33  -  167,440  60j«  +    27,669  6X38  -  9,593 

»33.28  =  -  233  +  138,453  5028  -  7,538  5X28  -  138,372  6033  +     7,538  6X33  +  1,155 

r33.27  =  -  233  +  114,927  6027  -  41,206  5X27  -  114,515  6033  +    41,206  6X33  -  1,043 

P33.29  =  -  233  +  148,580  502S.  -  71,493  6X29  -  148,108  5033  +    71,493  6X33  -  0.775 

D33.31  =  -  Z33  +    75.583  6031  -  123,695  6X31  -    75,215  5033  +  123,695  6X33  -  0,020 
Station  East  Base— 

vu.3i  =  -  234  -  127,976  5034  +  213,028  6X34  +  128,342  603t  -  213,028  6X35  0,00o 

1134.37=  —  234  +  105,548  5034  +    37,390  6X34  -  1,099 

t)34.s8  ='-  234  +  105,309  6034  -    70,789  5X34  -  104,804  6038  +    70,789  6X38  +  0,438 

t)34.3s  =  -  234  +    .52,114  5033  +  198,516  5Xs3  -    52,296  5034  -  198,516  6X34  -  0,154 

DS4.32  =  -  234  +  415,753  60.12  +  206,209  6X32  -  416,230  5034  -  206,209  6X34  +  0,170 

t34.3i  =  -  £34  +  295,394  60:ii  -  104,457  6X31  -  294,985  5034  +  104,457  5Xs4  -  0,329 
Station  Rigaud — 

D36.30  =  -  23B  +  210,750  50.30  -  33,220  5X30  -  210, .530  50j6  +    33,220  6X35  0,000 

r3fi.36  =  -  236  +    50,724  5035  +    52,875  6X36  -  51,202  6036  -    52,875  6X36  -  0,130 

»35.37  =   -  235  +  113,384  5035  +       8,919  5  X.36  +  0,885 

«36.38  =  -  23i  +    65,166  6035  -    56,263  5X35  -  64,669  6038  +    56,263  6X38  +  0,098 

♦3S.34  =  -  2J5  -  127,976  5034  +  213,740  6X34  +  128,-342  5035  -  213,740  6X35  +  l,0l5 

V3i.33  =  -  235  -    13,839  5033  +  112,477  5X83  +    13,928  5035  -  112,477  5X.u  -f  0,853 

»3s.32  =  -  215  +    27,037  5032  +  177,715  5X32  -    27,146  5035  -  177,715  6X35  -                         +  0,43i 

»j6.3i  =  -  236  +  346,356  6031  +  232,717  6X31  -  346,866  5035  -  232,717  6X35  +  0,962 

r36.28  =  -  230  +  155,384  5028  +  84,981  6X28  -  155,877  503s  -    84,981  6X35  +  1,099 

J)S5.27  =  -  ::36  +  133,182  6027  +  40,594  6X27  -  133,551  5036  -    40,594  6X35  +  1,026 
Station  Kilkenny — 

V86.42  =  -  238  +  103,023  6036  +    40,821  6X36  -  103,474  5042  -    40,821  6X42  0,000 

C38.41  =  -  236  +    53,561  6036  -    30,411  6X36  -  53.057  604i  +    30,411  6X41  +  1,657 

D3e.37  =  -  236  +    36,027  5036  "    79,155  5Xs6  +  1,519 

»3«.36  =  -  23«  +   50,724  5^36  +  53.591  6X3*  -    51,202  5036  -    53,591  6X36  "                 +  I.229 
Station  Royal— 

t"37.l»  = 

t)87.38  =  +  31,657  5038  +    76,163  5X38  +  0.188 

W7.M  =           +   68,125  60.3  +  43,1955X35  +  1.193 

t)s7.s4  =           +  105,548  6034  +  38,1026X34  +  0,032 

t)»7.3s=           +  113,384  6035  +  9,6326X35  +  0,511 

»37.36  =           +   36,027  5035  -  78.439  5X.36  +  0,731 

1)37.42  =  -  27,728  5042  -    49,226  5X,2  +  0,833 

t)37.4i  =  -  111,226  6041  +    10,049  5X41  +  0,302 

ra7.40  =  -  59,654  604o  +    32,912  6X40  +  0,965 
Station  Covey  Hill— 

D88.3J  =  -  238  +  167,660  6033  -  26,961  6X33  -  167,440  6038  +    26,961  6X38  0,000 

m.32  =  -  238  +  116,317  6032  -  44,529  6X32  -  115,891  50ag  +   44,529  6X38  +  0,790 

1)38.34  =  -  238  +  105,309  5034  -  70,080  6X34  -  104,804  60^8  +    70,080  6X38  +  0,685 

D38.35  =  -  238  +    65,166  5036  -  55,553  5X35  -    64,669  5038  +    55,553  8X38  -  0,730 

»38.37  =    -  238  +     31,657  5038  +      75,452  5X38  -  0,213 

i)|».4i  =  -  238  +    61,084  5038  +    27,965  6X38  -  61,549  604i  -    27,965  6X41  -  0.019 

t)j8.4o  =  -  238  +    76,351  5038  +     1,696  6X38  -  76,389  604o  -     1,696  6X40  -  1,156 

t>3«.3»  =  -  238  +    91,693  6038  -    29,890  5X38  +  0,355 
Station  Bellevue— 

1)38.37  = 

1)39.40  =  -  107,802  5040  -    86,743  5X40  +  0.272 

1)39.38  =           +   91.693  5038  -  29,184  6X38                                     -  +  0,394 
Station  St.  Arm.\nd — 

»4o.4i  =  -  240  -    31,173   6040  +   95,864  6X40  +  31,394  6041  -    95,864  5X41  0,000 

»40.39  =  -  240  -    107,802  5040  -    87,449  6X40  -  0,764 

t»4o.J8  =  -  240  +    76.351  60.18  +     2.404  6X38  -    76,389  50io  -     2,404  6X40  -  1.078 

r40.37  =  -  240  -    59,654  604o  +    32,202  5X.o  +  0,032 
Station  Yamaska— 

1)41.40  =  -  241  -    31,173  5040  +  96,574  6X40  +    31,394  504i  -    96,574  6X41  0,000 

1)41.38  =-  241  +    61,084  60.18  +    28.675  6X38  -    61,549  6041  -    28,675  6X41  +  0,340 

1)41.37  =-  241  -  111,226  5041  +     9,336  5X41  +  0,500 

»4i.s«=  -  241  +    53,561  5036  -    29,695  6X,'!6  -    53,057  504i  +    29,695  6X41  -  0.265 

t)4i.42  =  -  241  -    20,638  5041  +    47,648  6X41  +  20,925  6042  -    47,648  6X42  +  0,452 

Station  Dusable —  ' 

D42.41  =  -  242  -    20,638  60U  +  48,365  6X41  +    20,926  5042  -    48,365  6X42  0.000 

1)42.37  =-  242  -     27,728  5042  -     49.944  5X42  +  0,267 

D42.36  =  -  242  +  103,023  6036  +    41,541  6X36  -  103,474  5042  -    41,541  5X42  +  0,992 
Station  Hull — 

1)43.49  =  -  243  +  244.202  5043  -  226,640  5X43  -  243,710  5049  +  226,640  6X45  0,000 

1)43.46  =  -  243  -  108,589  6043  +  125,596  6X43  +  109,045  50*5  -  125.596  6X45  -  0,945 

1)43.44  =  -  243  +     4,957  5043  +  196,660  6X43  -  4,975  60m  -  196,660  6X44  -  0,931 

t)43.25  =  -  243  -  167,043  6025  -    49,313  6X25  +  166.674  5043  +    49,313  6X43  -  1.010 
Station  Wakefield — 

t)44.48  =  -  244  -  379.847  5014  +    53,586  6X44  +  380.048  5046  -    53,586  6X45  0,000 

t)44.47  =  -  244  -  113.189  6044  +    80,513  6X44  +  113,707  6047  -    80,513  6X47  +  0,781 

t)44.4«  =  -  244  -    15,453  5044  +  176.239  6X44  +  15,516  504.  -  176,239  5X46  -  0.556 

t)44.26  =  -  244  -  184,903  6026  +    36,837  5X:5  +  185,171  6044  -    36,837  6X44  -  0,599 

t)44.4»  =  -  244  +    43,932  5044  -  119.323  6X44  -  43,683  5049  +  119,323  6X49  -  0,363 

t)44.4s  =  -  244  +     4,957  5043  +  197,374  5X43  -     4,975  6044  -  197,374  6X44  -  0,305 
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OBSERVATION  EQUATIONS— Co?icZi^de(i 

DUSABLE-HALDIMAND  '^BT— Concluded 

Station  Masham— 

=  -  z«  -  379,847  5</)M  +    54,302  5X44  +  380,048  5^45  -    54,302  6X4*  0,000 

1)45.43  =  -  Zii  -  108,589  bibu  +  126,311  5X43  +  109,045  5046  -  126,311  5X46  -  0,410 

f45.47  =  -  £46                                                -    97,519  5046  +  147,581  5X4S  +  97,914  5047  -  147,581  5X47  -  1,121 

f46.46  =  -  24B                                                +  134,095  5046  +  140,903  5X45  -  134,572  5046  -  140,903  5X46  -  0,290 
Station  Hincks — 

ti6M  =  -  246  -    15,453  5044  +  176,956  5X44  +    15,516  5046  -  176,956  5X46  0,000 

^46.46  =  -  246  +  134,095  504i  +  141,620  5X45  -  134,572  5046  -  141,620  5X46  -  0,221 

VK.Ai  =  -  246                                                -  242,469  5016  +    18,848  5X46  +  242,586  504-  -    18,848  5X47  -  0,620 

f46.48  =  -  246                                                +    19,984  5046  +  187,203  5X46  -  20,061  5048  -  187,203  6X41  -  0,046 

1)46.25  =  -  246  -    93,133  5026  +    67,106  5X26  +    93,650  5046  -    67,106  5X46  -  0,237 
Station  Alleyn— 

r47.44  =  -  247  -  113,189  5044  +    81.231  5X44  +  113,707  5047  -    81,231  5X47  0,000 

i'47.45  =  -  m  -    97,519  5046  +  148,299  5X45  +   97,914  5047  -  148,299  5X47  -  1,285 

r47.48  =  -  247                                                +  148,047  5047  +    76,537  5X4-  -  148,548  5048  -    76,537  5X48  -  0,958 

r47.46  =  -  247  -  242,469  5046  +    19,567  5X46  +  242,586  5047  -    19,567  5X47  -  1,195 
Station  Blake— 

«48.46  =  -  248  +    19,984  5046  +  187,923  5X49  -    20,061  5048  -  187,923  5X48  0,000 

1)48.47  =  -  248  +  148,047  5047  +    77,257  5X47  -  148,548  5048  -    77,257  5X48  +  0,161 
Station  Observatory — 

1)49.43  =  -  249  +  244,202  50«  -  225,928  5X43  -  243,710  5049  +  225,928  5X4*  ,  0,000 

i'49.44  =  -  249  +    43,932  5044  -  118,609  5X44  -    43,683  5049  +  118,609  5X49  +  0,652 

t)49.26  =  -  249  -  120,234  50V6  -    96,638  5Xv6  +  119,727  5049  +    96,638  5X49  *                               +  0,134 

1)49.24  =  -  249  -  246,368  50S4  -    31,851  5X24  +  246,185  5049  +    31,851  5X«  +  0,266 

t'49.21  =  --  249  +  298,481  5021  -  191,058  b\'ix  -  297,972  5049  +  191,058  5X49  +  1,108 


EFFECT  ON  THE  TRIANGULATION  DUE  TO  INCLUSION  OF  BASE 
AND  LAPLACE  CONDITIONS 


Correction  due  to 

Correction  due  to 

Correction  due  to 

inclusion  of 

inclusion  of  Ottawa 

inclusion  of  Murray 

Total 

Point 

2  Bases 

Laplace  Point 

LaPlace  Point 

A  X 

A  <p 

A  X 

A  ^ 

A  X 

A  <p 

A 

X 

A 

1 

// 

+  •046 

II 

-•056 

// 

+  042 

+  •131 

II 

-•008 

+  065 

+ 

II 

■080 

+ 

II 

•140 

3 

+  -03S 

-•073 

+  •082 

+  •  134 

+  •028 

+  •073 

+ 

•148 

+ 

•134 

4 

+  •029 

-067 

+  •079 

+  •118 

+  •033 

+  •059 

+ 

•141 

+ 

•110 

2 

+  •041 

-•062 

+  •060 

+  •129 

+  •010 

+  •066 

+ 

•111 

+ 

•133 

21 

+  •030 

-•019 

-028 

+  •048 

-007 

+  •005 

•005 

+ 

•034 

49 

+  027 

-•018 

-•015 

+  •043 

-•008 

+  •005 

+ 

•004 

+ 

•030 

44 

+  •033 

-012 

-053 

+  •047 

-•009 

+  •002 

•029 

+ 

•037 

+  •038 

-051 

+  •035 

+  •109 

-005 

+  •046 

+ 

•068 

+ 

•104 

6 

+  •023 

-•063 

+  •074 

+  •108 

+  •028 

+  •050 

+ 

•126 

+ 

•094 

+  •023 

-•067 

+  •078 

+  •114 

+  •031 

+  •055 

+ 

•132 

+ 

•102 

48 

+  •038 

-•004 

-•099 

+  040 

-Oil 

-•002 

•072 

+ 

•034 

47 

+  •043 

-•009 

-•084 

+  •061 

-•013 

0 

•054 

+ 

•052 

46 

+  •036 

-•009 

-•077 

+  •044 

-•010 

0 

•051 

+ 

•035 

45 

+  •038 

-•013 

-•057 

+  •056 

-•012 

+  •002 

•031 

+ 

•045 

43 

+  •032 

-•017 

-•029 

+  •048 

-•010 

+  •005 

•007 

+ 

•036 

7 

+  •020 

-•068 

+  •085 

+  •109 

+  •036 

+  •051 

+ 

•141 

+ 

•092 

10 

+  •028 

-•057 

+  •062 

+  •101 

+  •020 

+  043 

+ 

•110 

+ 

•087 

11 

+  •017 

-•060 

+  •085 

+  •097 

+  •038 

+  •041 

+ 

•140 

+ 

•078 

12 

+  021 

-•049 

+  •054 

+  •079 

+  •018 

+  •027 

+ 

•093 

+ 

•057 

13 

+  •034 

-•049 

+  •039 

+  •099 

+  •003 

+  •038 

+ 

•076 

+ 

•008 

14 

+  •031 

-043 

+  •031 

+  •087 

+  •002 

+  •029 

+ 

•064 

+ 

073 

15 

+  •035 

-•036 

+  •007 

+  •080 

-•008 

+  •022 

+ 

•034 

+ 

066 

16 

+  •023 

-•040 

+  •035 

+  •071 

+  •008 

+  •020 

+ 

•066 

+ 

051 

17 

+  •017 

-•037 

+  •035 

+  •058 

+  •009 

+  •014 

+ 

061 

+ 

035 

18 

+  •012 

-•042 

+  •049 

+  •054 

+  •016 

+  •013 

+ 

077 

+ 

025 

19 

+  •010 

-031 

+  •034 

+  •043 

+  •010 

+  •007 

+ 

054 

+ 

020 

20 

+  •023 

-•030 

+  •013 

+  •058 

+  •001 

+  013 

+ 

037 

+ 

041 

22 

+  •017 

-•022 

+  •005 

+  •037 

+  •001 

+  006 

+ 

023 

+ 

021 

23 

+  011 

-•016 

-•002 

+  •019 

-•001 

+  •003 

+ 

008 

+ 

006 

24 

+  •020 

-016 

-•021 

+  •029 

-003 

+  004 

004 

+ 

017 

25 

+  •023 

-•013 

-•038 

+  •028 

-•004 

+  002 

019 

+ 

017 

26 

+  •017 

-012 

-•019 

+  •017 

-•003 

+  •002 

005 

+ 

007 

28 

+  •006 

-•015 

+  •002 

+  •014 

+  0 

+  •002 

+ 

008 

+ 

001 

26 
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EFFECT  ON  THE  TRIANGULATION  DUE  TO  INCLUSION  OF  BASE 
AND  LAPLACE  CO^mTlO^^— Concluded 


Point 


Correction  due  to 
inclusion  of 
2  Bases 


A  X 


A  <p 


Correction  due  to 
inclusion  of  Ottawa 
Laplace  Point 


A  X 


A  <p 


Correction  due  to 
in  elusion  of  M  urray 
LaPlace  Point 


A  X 


A  <p 


Total 


AX 


29 
30 
31 
36 
40 
41 
42 
34 
32 
38 
33 
27 
35 
8 


+  •007 
+  •010 
+  •005 
+  •009 
-•004 
+  •003 
+  •009 
+  ■004 
+  •005 
-•003 
+  •001 
+  •012 
+  •007 
+  •027 


-•Oil 
-•008 
-•008 
-•002 
+  •002 
+  •005 
-•001 
-•005 
-•008 
-•003 
-•009 
-012 
-•006 
-•063 


-•005 
-•012 
-•004 
-•004 
+  •002 
+  •002 
0 

-•002 
-•001 
+  •002 
+  •002 
-•006 
-•005 
+  •069 


010 
008 
006 
003 
002 
001 
005 
004 
005 
002 
005 
014 
004 
113 


0 

•001 
■001 
0 
0 
0 
0 
0 
0 
0 
0 

001 
0 

024 


002 

001 

001 

001 

0 

0 

001 
001 
001 
0 

001 

002 
001 

055 


+  •002 
-003 
0 

+  •005 
-002 
+  •005 
+  •009 
+  •002 
+  •004 
-•001 
+  •003 
+  •005 
+  •002! 
+  •120 


+ 


001 
001 
001 
006 
0 

004 
007 
0 

002 
001 
003 
004 
001 
105 


TABLE  OF  OBSERVED  AND  ADJUSTED  DIRECTIONS 
DUSABLE-HALDIMAND  NET 


Station  occupied 


Number 
of 

Direction 


Object  observed 


Observed 
Direction  reduced 
to  Sea  Level 


Seconds  of 

Adjusted 

Direction 


Methuen. 


Asphodel, 


Haldimand , 


Murray. 


West  Base. . . 
(Belleville) 


12=' 
9 
8 

21 

9 
8 
4 
3 

3-2 
8 
4 

4^9 
8 

10 
6 
5 

11 
7 
3 
2 

5-4 
8 
6 
11 
7 


Asphodel.  .  . 
Grimsthorpe 
Oak  Hill.... 

Methuen  

Grimsthorpe 
Oak  Hill.... 

Murray  

Haldimand . . 

Asphodel.  .  . 
Oak  Hill.... 
Murray  

Grimsthorpe 
Oak  Hill.... 
Tyendinaga. 
East  Base . . . 
West  Base . . 
HaUoWell... 
Ameliasburg 
Haldimand . . 
Asphodel.  .  . 

Murrav  

Oak  Hill. . . . 
East  Base. . . 
Hallowell... 
Ameliasburg 


359  59  60^00 
272  38  31^36 
331    35  58^84 


359 
61 
129 
158 
214 


359 
18 
40 
57 
61 
85 
97 
251 
308 

359 
107 
174 
210 
238 


59 
35 
22 
15 
17 


59 
39 
46 
32 
04 
41 
21 
11 
50 

59 
52 
02 
27 
35 


60-00 
21-44 
02  34 
48^71 
12-31 


359  59  60-00 
48  26  39^49 
66    19  25-69 


60-00 
17-20 
38-22 
33-57 

47-  32 
45-54 
16-28 
27-28 
41-95 

60-00 

48-  49 
16-44 
15-52 
48-10 


620 
718 
864 

439 
484 
488 
308 
088 

305 
420 
455 

974 
537 
666 
463 
613 
243 
138 
548 
173 

215 
589 
025 
858 
864 


*The  symbol  1-2  denotes  the  direction  from  station  1  to  station  2. 
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TABLE   OF   OBSERVED   AND   ADJUSTED   DIRECTIONS— Con^mwe^^ 
DUSABLE-HALDIMAND  NET— Continued 


Station  occupied 


East  Base .  . . 
(Belleville) 

Ameliasburg. 


Oak  Hill. 


Grimsthorpe. 


Tyendinaga. 


Hallowell. 


Portland . 


Kaladar . 


Number 
of 

Direction 


6-  4 
8 

11 
7 
5 

7-  4 

5 
8 
6 
10 
11 

-  8-4 
3 
2 
1 
9 
13 
10 
11 
6 
7 
5 

9-14 
13 
10 

8 
4 
2 
1 

1013 
12 
11 
7 
4 
8 
9 

11-4 
5 
6 
8 
10 
12 
7 

12-  16 
18 
11 
10 
13 
,14 

13-  10 

8 
9 
15 
14 
12 


Object  observed 


Murray  

Oak  Hill.... 
Hallowell. .  . 
Ameliasburg . 
West  Base . . , 

Murray  

West  Base . . . 

Oak  Hill  

East  Base . . . 
Tyendinaga. 
Hallowell . . .  . 


Murray  

Haldimand . . 
Asphodel .  .  .  , 

Methuen  

Grimsthorpe . 

Kaladar  

Tyendinaga . , 
Hallowell . . .  . 
East  Base . . , 
Ameliasburg. 
West  Base . . . 


Olden  

Kaladar. .  .  . 
Tyendinaga . 
Oak  Hill.... 

Murray  

Asphodel.  .  . 
Methuen . . . 


Kaladar  

Portland  

Hallowell .... 
A  leliasburg. . 

Murray  

Oak  Hill  

Grimsthorpe . 

Murray  

West  Base . . . 

East  Base  

Oak  Hill  

Tyendinaga . . 

Portland  

Ameliasburg. . 

North  Crosby 
Lansdowne . . . 

Hallowell  

Tyendinaga . . , 

Kaladar  

Olden  


Tyendinaga. , 

Oak  Hill  

Grimsthorpe . 

Lavant  

Olden  

Portland  


Observed 
Direction  reduced 
to  Sea  Level 


Seconds  of 

Adjusted 

Direction 


o 

It 

ooy 

oy 

DU  -  UU 

A  A    on /I 

dU - zy4 

Oi 

zy 

Qo  no 

oo  •  /  <  t) 

OQH 

9Q 

A  Q  QA 
45-00 

A  Q  10A 

45 • /z4 

^yo 

c;i 

Oi 

AO  .  fK'i 
4Z  -  Do 

AO  OQQ 

4Z • oOO 

OOl 

zy  -y4 

on  OOO 
6\J-  ZZZ 

359 

59 

60-00 

60-238 

22 

19 

19-53 

19-649 

45 

12 

02-58 

02-485 

77 

f\n  on 
DU  •  zu 

AO  QAn: 
DU •ODO 

yo 

9A 
ZO 

Q7  CI 

o/  •  oi 

Q7  707 
O/  •  t\)l 

loy 

C\A 

1  O  AO 

iz  •  Dy 

10  QA1 
iZ -oDi 

359 

59 

60-00 

60-124 

34 

39 

25-40 

25 • 269 

81 

17 

39-57 

39-468 

103 

31 

36-55 

36-510 

1  ^A. 
X01 

oo 

l^K  QA 

00  •  y4 

.  7f;0 
OO • I OU 

no 
uy 

Oo  "lO 

t^Q  7Ci1 
Oo - / Oi 

■±0 

ly  •  45 

Aft  Af^O 
45 • DOZ 

^oy 

A'X 

rift .  on 
U5  •  yu 

OQ  7ftO 
uy - / 5U 

970 

99 
ZZ 

Oo  •  6o 

CiQ  ftQQ 

Oo - 5yo 

oVo 

Oo 

An  OQ 
OU  •  Zo 

AO  .Of^7 
DU • UO/ 

330 

18 

18-23 

18-301 

ooy 

oy 

Af»  f\f\ 

OU  •  UU 

c;q  qaq 
oy - oD5 

9Q 

1  c; 

QA  OA 

oD  •  UD 

QA  A70 
OD -4/Z 

71 

oy 

QO  Q1 

ou  •  yi 

QO  A/1  A 
oU • D44 

inf; 

lUO 

oo 

K'7   A  A 
Oi  •  44 

t^7  Q/1Q 
0/ -o4o 

111 

111 

00 

A  K  no 
40  -UZ 

1 0A 
40  - iZD 

1 AA 

UD 

nA  Q7 
U4  •Oi 

OI  Q/JO 
U4 - o4U 

175 

09 

15-13 

15-631 

ooy 

oy 

An  nn 
DU-UU 

c;0  7AA 
oy • / 4D 

oy 

UD 

1  K  07 
10-  Zi 

1  A  At^O 
i4 - DOU 

1  AH 

n7 

oU-  /  o 

on  QO/1 
oU • oZ4 

ono 

A  Q 

4o 

Al  17 

4/  - 1/ 

A1  Q'jn 
4/ -o/U 

ZoU 

A  O 

QQ   A I 
OO  -Di 

OQ  70/1 

OO • /y4 

244 

19 

02-85 

03 • 003 

329 

59 

46-34 

46-611 

359 

59 

60-00 

59-897 

5 

50 

18-22 

18-359 

22 

20 

38-07 

37-791 

22 

40 

43-59 

43-746 

64 

29 

52-36 

52 • 404 

117 

05 

51-39 

51-713 

350 

43 

42-71 

42-426 

359 

59 

60-00 

59-323 

52 

14 

20-90 

20-701 

190 

12 

12-79 

12-789 

226 

35 

01-74 

01-826 

270 

00 

26-06 

26-353 

305 

13 

39-19 

39-687 

359 

59 

60-00 

59-992 

28 

45 

10-05 

10-570 

101 

15 

54-37 

54-628 

212 

51 

06-64 

05  - 986 

238 

25 

20-981 

21-057 

292 

31 

35-871 

35-679 

28 
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TABLE   OF   OBSERVED   AND   ADJUSTED   DIRECTIONS— Con^mwed 
DUSABLE-HALDIMAND  IS^ET— Continued 


Station  occupied 


Number 
of 

Direction 


Object  observed 


Observed 
Direction  reduced 
to  Sea  Level 


Seconds  of 

Adjusted 

Direction 


Olden. 


Lavant . 


North  Crosby, 


Bastard . 


Lansdowne . 


Elizabethtown , 


Elmsley. 


King  Mountain. 


North  Mountain. 


14-  12 
13 

9 
15 
16 

15-  16 
14 
13 
21 
20 
17 

1617 
18 
12 
14 
15 
20 

17-  16 
15 
20 
19 
18 

18-  19 
12 
16 
17 

19  17 
20 
22 
18 

20-21 
22 
19 
17 
16 
15 


21 


25 
26 
24 
23 
49 
22 
20 
15 


22-24 
23 
19 
20 
21 


Portland  

Kaladar  

Grimsthorpe .  .  . . 

Lavant  

North  Crosby . . . 

North  Crosby. . . 

Olden  

Kaladar  

King  Mountain. 

Ehnsley  

Bastard  

Bastard  

Lansdowne  

Portland  

Olden  

Lavant  

Elmsley  

JSIorth  Crosby . . . 

Lavant.  

Elmsley ........ 

Elizabethtown. . 
Lansdowne  

Elizabethtown . . 

Portland  

North  Crosby . . . 
Bastard  

Bastard  

Elmsley  

North  Mountain 
Lansdowne  

King  Mountain. 
North  Mountain 
Elizabethtown . . 

Bastard  

North  Crosby  . . . 
Lavant  

Buckingham .  .  .  . 

Plantagenet  

Navan  

Roxboro  

Ottawa  

North  Mountain 

Elmsley  

Lavant  

Navan  

Roxboro  

Elizabethtown . . 

Elmsley  

King  Mountain . 


0 

1 

ooy 

oy 

DU  -  uu 

ov - / ol 

QO 
cfKj 

A(\ 
1U 

oo  •  Do 

04  -  04:J7 

L  IXJ 

ol  art 

Q1 .C74 
OX    Ol  Tt 

226 

30 

02-11 

02-329 

305 

21 

01-03 

00-480 

Oi7 

AO  .no 

oy  -  1  D<5 

Oo 

uo  -  uo 

uo  Ol  4 

9Q 

oo 

oc;  .070 

257 

00 

44-71 

44-017 

306 

37 

34-63 

34-806 

336 

07 

39-78 

40-271 

OOiJ 

Oil 

59  - 422 

31 

17 

46-14 

46-215 

119 

41 

18-09 

18-410 

190 

16 

01-52 

02-076 

244 

32 

00-90 

00-050 

309 

52 

09-90 

10-381 

uu  uu 

60 . 1 

40 

39 

43-80 

44-065 

87 

11 

14-26 

13-943 

178 

19 

26-76 

26 • 432 

250 

31 

21-36 

21-554 

359 

59 

60-00 

59-925 

215 

47 

52-87 

53 • 124 

255 

10 

02-51 

02-786 

9Q4. 

Off  •  to 

00  t7VX) 

359 

59 

60-00 

59-518 

44 

53 

23-11 

23-625 

107 

04 

14-94 

14-671 

317 

48 

13-72 

13-956 

359 

59 

60-00 

60-219 

56 

54 

22-98 

22-215 

116 

03 

32-15 

32-440 

160 

01 

58-38 

58-226 

202 

42 

57-18 

57-559 

264 

00 

26-32 

26-347 

359 

59 

60-00 

59-606 

23 

02 

24-23 

24-872 

33 

41 

40-00 

39-970 

48 

21 

22-99 

22-839 

66 

52 

37-93 

37-570 

86 

30 

50-09 

49-629 

132 

31 

46-37 

47-041 

166 

55 

29-34 

29-430 

359 

59 

60  00 

59-906 

51 

23 

51-27 

50-470 

180 

00 

12-53 

12-509 

238 

40 

14-49 

15-560 

315 

45 

02-22 

02  065 
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TABLE   OF   OBSERVED   AND   ADJUSTED   BlRECTUm 8— Continued 
DUSABLE— HALDIMAND  NET— Continued 


Station  occupied 


Roxboro . 


Navan , 


Buckingham , 


Plantagenet. 


Maxville. 


Bonville. 


Alexandria. 


Vankleek . 


Newton . 


Number 
of 

Direction 


23-  26 
27 
28 
22 
24 

24-  21 

25 
26 
27 
23 
22 
49 

25-  26 
24 
49 
21 
43 
44 
46 

26-  30 
27 

23 
24 
25 

27-  26 
30 
35 
29 
33 
28 
23 
24 

28-  29 
33 
23 
27 

29-  30 
35 
31 
33 
28 
27 

30-  35 
31 
29 
27 
26 

31-  35 

34 
32 
33 
29 
30 


Object  observed 


Plantagenet  

Maxville  

Bonville  

North  Mountain 
Navan  

King  Mountain. 
Buckingham .  .  .  . 

Plantagenet  

Maxville  

Roxboro  

North  Mountain 
Ottawa  

Plantagenet  

Navan  

Ottawa  

King  Mountain. 

Hull  

Wakefield  

Hincks  

Vankleek  

Maxville  

Roxboro  

Navan  

Buckingham .... 

Plantagenet  

Vankleek  

Rigaud  

Alexandria  

Huntingdon  

Bonville  

Roxboro  

Navan  

Alexandria  

Huntingdon  

Roxboro  

Maxville  

Vankleek  

Rigaud  

Newton  

Huntingdon  

Bonville  

Maxville  

Rigaud  

Newton  

Alexandria  

Maxville  

Plantagenet  

Rigaud  

East  Base  

West  Base  

Huntingdon  

Alexandria  

Vankleek  


Observed 
Direction  reduced 
to  Sea  Level 


It 

359 

59 

60 

00 

60 

-291 

68 

28 

34 

•93 

34 

•010 

132 

41 

11 

•39 

11 

•108 

253 

58 

34 

•71 

35 

•244 

314 

27 

56 

09 

56 

•468 

359 

59 

60 

00 

60 

•254 

75 

01 

47 

•41 

47 

-492 

154 

55 

10 

63 

10 

•375 

189 

11 

03 

•31 

03 

-114 

208 

57 

12 

•38 

11 

-816 

277 

04 

03 

•37 

03 

•820 

340 

08 

28 

-56 

28 

-768 

oy 

60 

00 

Oo 

A1  rt 

KQ. 
Oo 

23 

•15 

9Q 

-  Ulo 

1  fiA 

38 

24 

QQ 
OO 

ooO 

1  Q 

57 

74 

0/ 

AA1 
401 

1  QH 

AA 

90 

oy 

91 
Zi 

n7Q 
U/O 

169 

26 

36 

50 

37 

250 

199 

21 

13 

74 

14 

022 

oy 

60 

00 

oy 

/  Oi 

XI 

4:  / 

ZD 

40 

Ac:i 
40  i 

85 

57 

48 

88 

49 

273 

166 

23 

46 

19 

46 

160 

208 

26 

59 

67 

60 

368 

359 

59 

60 

00 

59 

798 

65 

20 

58 

46 

57 

968 

106 

10 

18 

15 

17 

527 

139 

08 

59 

33 

58 

720 

156 

27 

26 

85 

27 

062 

224 

36 

49 

86 

49 

997 

282 

21 

34 

70 

35 

028 

328 

34 

49 

10 

50 

354 

359 

59 

60 

00 

59 

811 

49 

18 

33 

51 

33 

097 

oo 

16 

77 

1  v 

014 

Q1  A 

58 

56 

25 

OO 

luy 

359 

59 

60 

00 

60 

087 

59 

04 

zy 

Ul 

29 

976 

63 

14 

08 

19 

07 

939 

131 

06 

25 

09 

24 

206 

232 

04 

16 

07 

15 

983 

286 

35 

21 

55 

21 

717 

359 

59 

60 

00 

59 

253 

26 

37 

08 

18 

08 

451 

70 

30 

06 

17 

05 

122 

103 

17 

26 

28 

26 

961 

165 

51 

43 

06 

43 

904 

359 

59 

60 

00 

59 

250 

70 

15 

62 

21 

61 

925 

109 

53 

42 

56 

43 

269 

110 

19 

25 

31 

25 

033 

190 

10 

23 

75 

23 

352 

263 

03 

.18 

98 

19 

980 

Seconds  of 
Adjusted 
Direction 
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TABLE  OF  OBSERVED  AND  ADJUSTED  DIRECTIONS— Conimwed 


DUSABLE— HALDIMAND  ^ET— Continued 


Number 

Observed 

Seconds  of 

fetation  occupied 

OI 

Object  observed 

Direction  reduced 

Adjusted 

Direction 

to  Sea  Level 

Direction 

r\  1  rr  Q 11  ri 

o 

359 

59 

II 

60  00 

II 

oy  -  '±/o 

48 

A  'T 

47 

61  •  17 

A1 . 1 77 
Di • 1 / < 

OO 

rinvpv  Hill 

1  1  o 

18 

27-84 

9ft .  1  7fi 
Zo - 1 < O 

33 

Huntingdon  

151 

05 

11 

11-619 

31 

Newton  

ooO 

11 

42-33 

42-426 

Huntingdon  

33-32 

ATT  1     T  ) 

West  Base.  

359 

59 

60-00 

59-737 

35 

17 

44 

22-71 

22  -  464 

34 

East  Base  

33 

15 

17-34 

17-449 

37 

Koyal  

70 

53 

18-51 

18-995 

38 

Covey  Hill 

125 

30 

39-82 

38 • 624 

28 

Bonville  

297 

31 

46-80 

48-315 

27 

Maxville  

320 

02 

51-07 

50-592 

29 

Alexandria  

327 

15 

25-56 

25-293 

31 

Newton  

359 

32 

11-96 

12-305 

East  Base  

34-35 

Kigaud  

359 

59 

60-00 

60-139 

37 

85 

49 

35-12 

34  -  362 

38 

Covey  Hill  

156 

13 

22-56 

23-158 

33 

XT        X  •  1 

Huntingdon  

28 

56-45 

56  -  603 

32 

West  Bas6  

OO 

OO  AO 

z8-9o 

28-950 

31 

Newton  

319 

42 

29-55 

29-401 

Rigaud  

O  C  OA 

3o-3U 

Vankleek  

359 

59 

60-00 

CA  OOO 

oy • ozo 

OO 

Tv  1 1  It  OTi 

110 

A  a 

4o 

OA    1  C 

oO- 15 

Zy  Ou4: 

o  / 

T-?r»vfil 

loO 

1  o 

lo 

1  o  nc 

lo-7o 

38 

Covey  Hill  

zl7 

OO 

OO 

oo  TA 

2o-79 

22-955 

34 

East  Base  

OO  A 

zo4 

07 

20- 14 

20-263 

33 

Huntingdon  

Zoz 

05 

22-12 

22-349 

32 

West  Base  

0£!0 

ZOO 

15 

47-98 

47-976 

31 

"NT  X 

New^ton  

OAO 

oOo 

OO 

OO 

47  -70 

47 • 462 

29 

Alexandria  

309 

34 

33-07 

33-716 

27 

Maxville  

324 

06 

44-12 

45-170 

Kilkenny  

36-42 

Dusable   

359 

59 

60-00 

59-118 

41 

1  amaska  

68 

31 

32-57 

32  -  869 

37 

Royal 

102 

16 

46-70 

46 • 783 

35 

Rigaud  

154 

04 

03-22 

03-701 

Koyal  

37-39 

Bellevue  

359 

59 

60-00 

60-000 

38 

Covey  Hill  

43 

49 

28-17 

28-251 

33 

XT        X  •  J 

Huntingdon  

75 

53 

30-38 

31-498 

34 

East  Base  

90 

36 

10  01 

10-118 

35 

Rigaud  

110 

52 

31-63 

32  -  047 

36 

Kilkenny  

189 

38 

38-03 

38-155 

42 

Dusable 

228 

19 

52-61 

53  - 195 

41 

Yamaska  

304 

03 

06-28 

06-188 

40 

St.  Arinand  

334 

32 

19-89 

20-790 

Oo  OO 

359 

59 

60  00 

oy • oi4 

32 

West  Base  

15 

42 

38-00 

38-708 

34 

East  Base  

30 

29 

06-45 

07-287 

35 

Rigaud  

37 

41 

48-47 

47-829 

37 

Roval  

93 

18 

42-33 

42-267 

41 

Yamaska  

133 

23 

14-57 

14-333 

40 

St.  Armand  

164 

20 

39-73 

38-757 

39 

Bellevue  

191 

03 

09-18 

09-731 

Bellevue  

39-37 

Royal  

359 

59 

60  00 

60-000 

.  40 

St.  Armand  

68 

01 

54-06 

54-505 

38 

Covey  Hill  

321 

33 

46-33 

46-662 
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TABLE  OF  OBSERVED  AND  ADJUSTED  DIRECTIONS— CoricZ^/rM 
DUSABLE— HALDIMAND  "^KI— Concluded 


Station  occupied 


Number 
of 

Direction 


Object  observed 


Observed 
Direction  reduced 
to  Sea  Level 


Seconds  of 
Adjusted 
Direction 


St.  Arinand. 


Yamask^. 


Dusable . 
Hull. . . . 


Wakefield 


Masham . 


Hincks. 


Alleyn . 

Blake. . 
Ottawa 


40-  41 
39 
38 
37 

41-  40 

38 
37 
36 
42 

42-  41 
37 
36 

43-  49 
45 
44 
25 

44-  45 
47 
46 
25 
49 
43 

45-  44 

43 
47 
46 

46-  44 
45 
47 
48 
25 

47-  44 

45 
■  48 
46 

48-  46 
47 

49-  43 
44 
25 
24 
21 


Yamaska.  . 
Bellevue . . . 
Covey  Hill. 
Royal  


St.  Armand. 
Covey  Hill.. 

Royal  

Kilkenny. .  .  , 
Dusable  

Yamaska. .  .  . 

Royal  

Kilkenny.  .  .  , 

Ottawa  

Masham  

Wakefield... 
Buckingham . 

Masham  

Alleyn  

Hincks  

Buckingham . 

Ottawa  . . 

Hull  


Wakefield. 

Hull  

Alleyn  

Hincks. .  . 


Wakefield... 
Masham .... 

Alleyn  

Blake  

Buckingham , 

Wakefield... 

Masham  

Blake  

Hincks  , 


Hincks  

Alleyn  

Hull  

Wakefield  

Buckingham .  .  . 

Navan  

King  Mountain , 


° 

II 

359 

59 

60 

•00 

60 

•035 

234 

16 

16 

-18 

16 

•171 

281 

05 

43 

-94 

43 

•369 

oZy) 

OO 

•  Zo 

oO 

•  /  /8 

359 

59 

60 

-00 

59 

•721 

70 

08 

27 

-94 

28 

•074 

110 

17 

41 

-64 

42 

•Q13 

142 

08 

07 

-66 

07 

•133 

176 

15 

45 

•12 

45 

•424 

359 

59 

60 

00 

59 

•403 

38 

18 

54 

•83 

54 

•667 

77 

20 

58 

•35 

59 

•108 

359 

59 

60 

00 

60 

•680 

186 

05 

00 

•24 

00 

•014 

218 

14 

55 

•04 

55 

138 

284 

07 

17 

•56 

17 

009 

ooy 

KCi 

oy 

du 

UU 

oy 

34 

09 

21 

22 

22 

Oil 

74 

57 

58 

89 

58 

455 

184 

01 

34 

50 

34 

249 

243 

55 

12 

35 

12 

513 

259 

28 

57 

74 

58 

044 

359 

59 

60 

00 

59 

755 

47 

19 

03 

96 

04 

178 

233 

53 

28 

71 

28 

283 

292 

09 

37 

77 

38 

221 

359 

59 

60 

00 

60 

090 

37 

11 

40 

38 

40 

542 

100 

06 

45 

41 

45 

201 

187 

45 

31 

12 

31 

249 

318 

58 

10 

83 

10 

661 

359 

59 

60 

00 

60 

596 

19 

44 

07 

79 

07 

459 

277 

45 

34 

59 

34 

498 

320 

55 

20 

68 

20 

512 

359 

59 

60 

00 

59 

946 

49 

11 

29 

26 

29 

313 

359 

59 

60- 

00 

59 

826 

22 

41 

08- 

57 

09 

312 

78 

03 

35- 

51 

35- 

275 

116 

31 

02- 

55 

02- 

129 

349 

33 

30- 

36 

30- 

449 
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TABLE  OF  TRIANGLES— DUSABLE-HALDIMAND  NET 


Station 


Station 
Number 


Angle 


Adjusted 

Observed 

(!oTrpp+  inn 

VyVyx  XX^Kj  ljl\Jl.± 

4 

o 

57 

39 

14-63 

14-67 

—  0-04 

3 

66 

19 

25  15 

25-69 

—  0-54 

2 

56 

01 

22-78 

23-60 

-  0-82 

02  •  56 

03-96 

e 

=02-54 

A'r  closure  = 

-  1-40 

6 

2 

25 

30 -07 

30-06 

+  0-01 

5 

174 

02 

15-81 

16-44 

—  0-63 

4 

3 

32 

14  15 

13-75 

+  0-40 

O-Oo 

0-25 

€ 

=  0-03 

A'r  closure  = 

-  0-22 

7 

22 

19 

19-41 

19  •  53 

—  0-12 

4 

36 

16 

28-53 

28-96 

—  0-43 

5 

121 

24 

12-36 

11  -90 

+  0-46 

0-30 

0-39 

e 

=  0-28 

A'r  closure  = 

-  0  09 

7 

54 

43 

40-72 

40-67 

+  0-05 

5 

64 

33 

31-83 

31-66 

+  0-17 

6 

60 

42 

47-89 

47-31 

+  0-58 

0-44 

59-64 

e 

=  0-45 

A'r  closure  = 

+  0-80 

7 

77 

03 

00-12 

00-20 

—  0-08 

4 

39 

48 

42-68 

42-71 

—  0-03 

6 

63 

08 

17-96 

17-37 

+  0-59 

0-76 

0-28 

e 

=  0-76 

A'r  closure  = 

+  0-48 

8 

33 

31 

06  17 

06-40 

-  0-23 

6 

114 

37 

56-44 

56-29 

+  0-15 

7 

31 

50 

57-88 

57-62 

+  0-26 

0-49 

031 

e 

=  0-49 

A'r  closiirp  = 

+  0-18 

8 

59 

55 

24-41 

24-40 

+  0-01 

6 

53 

55 

08-56 

08-98 

-  0-42 

66 

09 

27-44 

27-95 

—  0-51 

0-41 

01  -33 

e 

=  0-41 

A'r  closure  = 

—  0-92 

8 

89 

37 

06-23 

06-17 

+  0  06 

6 

51 

29 

38-49 

38-92 

-  0-43 

4 

38 

53 

15-92 

16-37 

—  0-45 

0-64 

01  -46 

€ 

=  0-64 

\'r  plosmrp  = 

—  0-82 

8 

26 

24 

18-24 

18-00 

+  0-24 

7 

22 

52 

42-84 

43  05 

-  0-21 

5 

130 

42 

59-27 

59-61 

-  0-34 

0-35 

0-66 

e 

=  0-35 

A'r  closure  = 

-  0-31 

8 

56 

06 

00-06 

59-77 

+  0-29 

7 

45 

12 

02-25 

02-58 

-  0-33 

4 

78 

41 

58-60 

59-08 

-  0-48 

0-91 

01-42 

e 

=  0-90 

A'r  closure  = 

-  0-52 

Murray.  .  .  . 
Haldimand . 
Asphodel . . . 

East  Base.  . 
West  Base. . 
Murray  

Ameliasburg 
Murray.  .  .  . 
West  Best. . 

Ameliasburg 
West  Base . . 
East  Base. . 

Ameliasburg 
Murray .... 
East  Base . . 

Oak  HiU.... 

East  Base. . 
Ameliasburg 

Oak  Hill.... 
East  Base. . 
West  Base. . 


Oak  HiU. . 
East  Base 
Murray. . 


Oak  Hill.... 
Ameliasburg 
West  Base. . 


Oak  HiU.... 
AmeUasburg 
Murray. . .  . 
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TABLE  OF  TRIANGLES— DUSABLE-HALDIMAND  l^^KT—C ontinued 


Station 


Angle 


Adjusted 

Observed 

Correction 

Q 
O 

o 

29 

41 

41-82 

+ 

0-05 

5 

107 

52 

48-37 

48-49 

— 

0-12 

4 

42 

25 

30-07 

30-12 

— 

0  05 

0-26 

0-38 

6 

=  0-26 

A'r  closure  = 

_ 

012 

O 

34 

39 

25  - 15 

— 

0-25 

4 

127 

27 

49-99 

49-92 

+ 

0-07 

3 

17 

52 

46  04 

46-20 

— 

0  16 

01  - 18 

01-52 

e 

=  01-17 

A'r  closure  = 

_ 

0-34 

Q 
O 

81 

17 

39-35 

Ot7     (J  / 

0-22 

4 

69 

48 

35-37 

35-25 

0-12 

2 

28 

53 

46-82 

46-37 

+ 

0-45 

01-54 

01-19 

e 

=  01-53 

A'r  closure  = 

+ 

0-35 

Q 

o 

46 

38 

14-20 

14- 17 

+ 

0-03 

3 

48 

26 

39  - 11 

39-49 

— 

0-38 

2 

84 

55 

09-60 

09-97 

— 

0-37 
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North  Crosby. 
Lavant  


King  Mountain 

Elmsley  

Lavant  


North  Mountain, 
Elizabethtown . , . 
Elmsley  


North  Mountain, 

Elmsley  

King  Mountain . . 


Navan  

Roxboro  

North  Mountain. 


Navan  

North  Mountain. 
King  Mountain. . 


o 

1 

If 

»  " 

19 

42 

11 

45 

•56 

46-28 

-  0-72 

18 

65 

36 

20 

-97 

20-57 

+  0-40 

17 

72 

11 

55 

-12 

54-60 

+  0-52 

01 

-65 

01  -45 

e 

=  01 

•65 

A'r  closure  = 

+  0-20 

20 

43 

58 

25 

-79 

26-23 

-  0-44 

19 

44 

53 

24 

•11 

23-11 

+  1-00 

17 

91 

08 

12 

•49 

12-50 

-  001 

02 

-39 

01-84 

€ 

=  02 

-38 

A'r  closure  = 

+  0-55 

20 

42 

40 

59 

•33 

58-80 

+  0-53 

17 

87 

11 

13 

•76 

14-26 

-  0-50 

16 

50 

07 

49 

•04 

50  10 

-  1-06 

02 

•13 

03-16 

6 

=  02 

•13 

A'r  closure  = 

-  103 

20 

103 

58 

28 

•12 

27-94 

+  0-18 

17 

46 

31 

29-87 

30-46 

-  0-59 

15 

29 

30 

05 

•46 

05-15 

+  0-31 

03 

•45 

03-55 

c 

=  03 

•46 

A'r  closure  = 

-  0-10 

20 

61 

17 

28-79 

29-14 

-  0-35 

16 

65 

20 

10-33 

09-00 

+  1-33 

15 

53 

22 

24 

95 

25-37 

-  0-42 

04 

07 

03-51 

6 

=  04 

08 

A'r  closure  = 

+  0-56 

21 

34 

23 

42 

39 

42-97 

—  0-58 

20 

95 

59 

33 

87 

33-68 

+  0-19 

15 

49 

36 

50 

79 

49-92 

+  0^87 

07 

05 

06-57 

€  = 

=  07 

05 

A'r  closure  = 

+  0^48 

99 

Oo 

03 

05 

01  .Qfi 

4-  1  -  HQ 
^  1  uy 

1  Q 

fi9 

51 

04 

oi  oo 

—  0 .  7Q 

—  u  -  /  y 

9n 

Ov 

HQ 

10 

22 

HQ .  1  7 

04 

31 

02-96 

€  = 

=  04 

32 

A'r  closure  = 

+  1-35 

"99 
zz 

77 

04 

46 

51 

47 .  7*^ 

—   1  zz 

9n 

OD 

^A. 
O't 

22 

00 

99  .  QC 

zz  ■  yo 

—  u  -  y& 

91 

uu 

57 

41 

.  9ft 

-\-  1  -  lo 

05 

92 

06-99 

e  = 

=  05 

91 

A'r  closure  = 

-  1-07 

24 

68 

06 

52-00 

50-99 

+  1-01 

23 

60 

29 

21- 

23 

21^38 

-  0-15 

22 

51 

23 

50-58 

51  27 

-  O-60 

03- 

81 

03^64 

e  = 

=  03- 

79 

A'r  closure  = 

+  0-17 

24 

82 

55 

56-43 

56-63 

-  0-20 

22 

44 

14 

57- 

84 

57-78 

+  006 

21 

52 

49 

09- 

66 

10-09 

-  0-43 

03- 

93 

04-50 

€  = 

=03-93 

A'r  closure  = 

-  0-57 

38  Geodetic  Survey  of  Canada 

TABLE  OF  TRIANGLES— DUSABLE-HALDIMAND  -^KT —Continued 


Station 


Station 


Angle 


Adjusted 

Observed 

Corrected 

24 

19 

51 

31-48 

31-44 

0-04 

49 

126 

57 

31-68 

32-19 

— 

0-51 

21 

33 

10 

57-60 

57-93 

0-33 

00-76 

01-56 

e 

=  00-77 

A'r  closure  = 

- 

0-80 

25 

46 

39 

15-83 

15-09 

+ 

0-74 

24 

94 

53 

18-72 

18-85 

— 

0-13 

49 

38 

27 

26-85 

27-04 

0  19 

01-40 

00-98 

€ 

=  01-40 

A'r  closure  = 

+ 

0-42 

25 

71 

16 

34-45 

34-59 

— 

0-14 

24 

75 

01 

47-24 

47-41 

— 

0-17 

21 

33 

41 

40-36 

40-00 

+ 

0-36 

02-05 

02-00 

e 

=  02-05 

A'r  closure  = 

+ 

0-05 

25 

24 

37 

18-62 

19-50 

— 

0-88 

49 

88 

30 

04-83 

05-15 

— 

0-32 

21 

66 

52 

37-96 

37-93 

+ 

0-03 

01-41 

02-58 

€ 

=  01-42 

A'r  closure  = 

— 

0-07 

43 

75 

52 

43-67 

42-44 

+ 

1-23 

25 

26 

03 

42-23 

42-65 

— 

0-42 

49 

78 

03 

35-45 

35-51 

0  06 

01-35 

00-60 

e 

=  01-36 

A'r  closure  = 

+ 

0-75 

44 

Ox) 

Oo 

Qft  OA 

37-85 

0.4.1 
yj  •  '±1. 

25 

(KA 
D't 

4o 

Oo-1i 

58-26 

U  lO 

49 

Pi  En 

00 

OO 

Ol^  Q7 

26-94 

n.Q7 

02-64 

03-05 

e 

=  02-64 

A'r  closure  = 

0-41 

44 

75 

27 

23-79 

23-24 

+ 

0-55 

38 

40 

16-18 

15-61 

+ 

0-57 

65 

52 

21-87 

22  -  52 

0-65 

01-84 

01  -37 

€ 

=  U1  -04 

^  X  V/XL/oLlXC  — 

1 

n.4.7 

44 

15 

33 

45-54 

45-39 

4- 

0-14 

4.Q 

22 

41 

09-48 

08-57 

+ 

0-91 

141 

45 

05-54 

04-96 

4- 

0-58 

0-56 

58-92 

e 

=  0-56 

^  X  LXOolXXtJ  — 

+ 

1-63 

45 

47 

19 

04-42 

03-96 

+ 

0-46 

44 

100 

31 

01-39 

02-26 

0-87 

43 

32 

09 

55-13 

54-80 

+ 

0-33 

0-94 

01-02 

6 

=  0-93 

A'r  closure  = 

008 

46 

41 

01 

49-43 

49-17 

+ 

0-26 

25 

29 

54 

36-77 

37-24 

0-47 

44 

109 

03 

35-79 

35-61 

0-18 

01-99 

02-02 

t 

=  01-99 

A'r  closure  = 

003 

Navan  

Ottawa  

King  Mountain 

Buckingham, . . 

Navan  

Ottawa  

Buckingham . . . 

Navan  

King  Mountain 

Buckingham . . . 

Ottawa  

King  Mountain 

Hull.  

Buckingham . . . 
Ottawa  

Wakefield  

Buckingham , , . 
Ottawa  

Wakefield  

Buckingham. . . 
Hull  


Wakefield 
Ottawa. . . 
Hull  


Masham . 
Wakefield 
Hull  


Hincks  

Buckingham 
Wakefield... 


Adjustment  of  Tri angulation  in  Ontario  and  Quebec  39 
TABLE  OF  TRIANGLES— DUSABLE-HALDIMAND  ISIET— Continued 


Station 


Station 


Angle 


1 11.111  M"i 

Adjusted 

Observed 

Correction 

46 

37 

11 

40 

•45 

// 

40^38 

It 

+  0-07 

44 

'7  A 

74 

57 

59 

AO 

•03 

58-89 

+  0-14 

45 

57 

50 

21 

•54 

22-23 

-  0-69 

01 

02 

01-50 

€ 

=  01 

•01 

A'r  closure  = 

-  0-48 

47 

on 

04 

40 

AA 

09 

39-32 

+  0-77 

46 

100 

06 

45 

•11 

45-41 

-  0-30 

44 

40 

48 

3d 

45 

37-67 

-  1-22 

01 

65 

02-40 

e 

=  01 

64 

A'r  closure  = 

-  0-75 

47 

oo 

4:0 

Act. 

9o 

47-11 

-  0^16 

46 

bZ 

55 

A/I 

04 

o6 

05  03 

-  0  37 

45 

CO 

58 

16 

AA 

09 

(\A 

94 

09^06 

+  0^88 

01 

55 

01^20 

e 

=  01 

54 

A'r  closure  = 

+  035 

47 

ly 

A  A 

44 

A£> 

Oo 

8o 

07^79 

-  0-93 

44 

34 

09 

58 

21-22 

+  1-36 

45 

12o 

Oo 

31 

48 

31^29 

+  0^19 

00 

92 

00-30 

€ 

=00 

92 

A'r  closure  = 

+  0^62 

48 

49 

t  1 
11 

OA 

29 

0/3 

36 

29-26 

+  010 

46 

Q'7 

8/ 

38 

A  a 
4d 

AC 

05 

45-71 

+  0-34 

47 

43 

09 

46 

01 

46-09 

-  0-08 

1 

42 

01  06 

€ 

=  1 

43 

A'r  closure  = 

+  0^36 

26 

80 

25 

56 

89 

57  31 

-  0-42 

OQ 

Z6 

45 

32 

03 

82 

oo  01 

Uo  •yi 

A  AA 
—    0  09 

OA 

54 

02 

01 

44 

Ul  •  /  o 

A    0 1 

—  0-31 

02 

15 

AO  OT 

e 

=02 

15 

A'r  closure  = 

—  0-8J 

26 

42 

03 

14 

21 

13-48 

+  0-73 

24 

79 

53 

22 

89 

23-22 

—  0-33 

25 

58 

03 

24 

40 

23-15 

+  1-25 

01 

50 

59-85 

£ 

=  01 

—  KJ  i. 

49 

rtu 

A'r  plosiirp  = 

+  1-65 

27 

46 

13 

15 

32 

14-40 

+  0-92 

23 

114 

00 

37 

54 

38-84 

—  1-30 

24 

19 

46 

08 

71 

09-07 

—  0-36 

01 

57 

02-31 

€ 

=  01 

57 

A'r  olosiirp  = 

—  0-74 

27 

77 

38 

24 

77 

25-30 

-  0-53 

23 

68 

28 

33 

72 

34-93 

-  1-21 

26 

33 

53 

02 

•82 

01-62 

-}-  1-20 

01 

•31 

01-85 

6 

=  01 

•31 

A'r  closure  = 

-  0-54 

27 

31. 

25 

09 

•45 

10-90 

-  145 

24 

34 

15 

52 

•73 

52-68 

+  0^05 

26 

114 

18 

59 

•71 

58-93 

+  0-78 

01 

•89 

02-51 

e 

=  01 

•89 

A'r  clo8iu*e  = 

-  0-62 

Hincks  

Wakefield... 
Masham  

Alleyn  

Hincks  

Wakefield... 

Alleyn  

Hincks  

Masham  

Alleyn  

Wakefield... 

Masham  

Blake  

Hincks  

Alleyn  

Plantagenet . 

Roxboro  

Navan  

Plantagenet . 

Navan  

Buckingham 

Maxville  

Roxboro  

Navan  

MaxviUe  

Roxboro  

Plantagenet . 

Maxville  

Navan  

Plantagenet . 


40  Geodetic  Survey  of  Canada 

TABLE  OF  TRIANGLES— DUSABLE-HALDIMAND  ^ET— Continued. 


Station 


Bonville  

Roxboro  

Maxville  

Alexandria. . 

Bonville  

Maxville  

Vankleek . . . 
Alexandria. . 
Maxville  

Vankleek . . . 

Maxville  

Plantagenet 

Newton .... 
Alexandria . . 
Vankleek . . . 

Huntingdon 

Bonville  

Maxville  

Huntingdon 
Bonville. . . . 
Alexandria. 

Huntingdon 
Maxville. . . 
Alexandria . 

Huntingdon 
Alexandria 
Newton . .  . . 

Huntingdon 
Newton.'.  . . 
West  Base. . 


Station 


Angle 


UlIlUcX 

Adjusted 

Observed 

Correction 

28 

o 

CO 

OS 

02 

// 

o8  oO 

// 

39-48 

It 

A  OO 

U-88 

23 

e.A 
d4 

1  o 

o/  •  lU 

36-46 

A  A/1 
U  -  D4 

27 

0/ 

A  A 

44 

A  C  AO 

45  -  Do 

44-84 

+ 

A    1 0 

u  •  ly 

00-73 

00-78 

e  = 

=00-72 

A'r  closure  = 

— 

0-05 

29 

o4 

Q  1 

AK  TA 

U5-  /4 

05-48 

1 

A  OA 
U  -  ZD 

28 

A(\ 

4U 

Ul 

AO  "TA 

03-75 

A  Af^ 
U  -  U5 

27 

CK 

oo 

O"? 

c  1  oo 
51  -Z5 

50-53 

+ 

A  7Ci 
U  -  /  5 

00-72 

59-76 

e 

=  00-72 

A'r  closure  = 

0-96 

30 

6Z 

A 

4/ 

0 1  OA 

21  -o4 

20-11 

1 

1  7Q 
1  -  /O 

29 

(6 

OA 
Z4 

oo-o/ 

38-45 

A  Aft 

27- 

16 

A  O 

48 

AA    7  C 

00-75 

00-87 

A   1 0 

u  -  iZ 

00-96 

59-43 

c 

=00-96 

A'r  closure  = 

+ 

1-53 

30 

o4 

1  A  O/f 

Id  •  y4 

16-78 

1 

-r 

A .  1  A 
U  -  ID 

27 

DO 

5o  - 1  / 

58-46 

A .  OQ 

u  -  zy 

26 

CO 

r\A 

/1 1^  TA 

4  D  •  70 

47-26 

U  •  5D 

01-81 

02-50 

e 

=  01-81 

A'r  closure  = 

— 

0-69 

31 

i  Z 

KO 

KA  AO 

5d  •  DO 

55-23 

-r 

1  .  A(\ 
1  -  'tU 

29 

bo 

1  /I 

14 

A7    O  C 

U  /  -  s5 

08-19 

A  'XA 
\J  •  0^ 

30 

43 

52 

56-67 

57-99 

1  QO 
1  -  OZ 

01  15 

01-41 

e 

=  01-15 

A'r  closure  = 

0-26 

33 

22 

31 

02-27 

04-27 

2-00 

oc 
zo 

89 

19 

36-99 

"iJ  .  OA 
O/  -  ZD 

0-27 

68 

09 

22-94 

o*? .  ni 

ZO  -  Ul 

0-07 

02-20 

•  0'* 

"  c 

AO  OA 

=  02-20 

A'r  closure  = 

O  "XA 
Z  -  0'± 

33 

29 

43 

36-97 

38-76 

— 

1-79 

28 

49 

18 

33-29 

33-51 

— 

0-22 

29 

100 

57 

51-77 

50-98 

+ 

0-79 

02-03 

03-25 

=  02 • 04 

A'r  closure  = 

1-22 

33 

7 

12 

34-70 

34-49 

0-21 

27 

17 

18 

28-34 

27-52 

+ 

0-82 

29 

155 

28 

57-51 

56-46 

+ 

1-05 

00-55 

58-47 

€ 

=  00-56 

A'r  closure  = 

+ 

2-08 

33 

32 

16 

47-02 

46-40 

+ 

0-62 

29 

67 

52 

16-27 

16-90 

0-63 

31 

79 

50 

58-32 

58-44 

0-12 

01-61 

01-74 

6 

=  01-60 

A'r  closure  = 

0-13 

33 

00 

27 

47-43 

48-04 

0-61 

31 

00 

25 

41-76 

42-75 

0-99 

32 

179 

06 

30-81 

30-79 

+ 

0-02 

00  00 

01-58 

6 

=  00  00 

A'r  closure  = 

1-58 

Adjustment  of  Triangulation  in  Ontario  and  Quebec  41 
TABLE  OF  TRIANGLES— DUSABLE-HALDIMAND  ISiET— Continued 


Station 


Station 


Angle 


Adjusted 

Observed 

Correction 

34 

o 

44 

1 

27 

32-35 

32-48 

0- 13 

33 

66 

15 

17-71 

17-34 

+ 

0-37 

32 

WZ 

17 

10-44 

10-37 

+ 

0  07 

00-50 

00  19 

c 

=  00-50 

A'r  closure  = 

+ 

0-31 

34 

1  AC 

lUo 

1  o 

13 

oo  OA 

32-80 

33  10 

0-30 

33 

oo 
66 

A  O 

43 

05  - 14 

05-38 

0-24 

31 

4U 

AO 

03 

23  - 10 

23-10 

0-00 

01-04 

01-58 

e 

=  01-03 

A'r  closure  = 

— 

0-54 

34 

ol 

A  CI 

46 

00 -4o 

00-62 

A     1  "7 

0- 17 

32 

78 

0/3 

3o 

18-75 

18-84 

0-09 

31 

on 

OT 

37 

41  -34 

40-35 

+ 

0-99 

00-54 

59-81 

c 

=  00-55 

A'r  closure  = 

+ 

0-73 

35 

17 

58 

02-09 

01-98 

+ 

A  11 

U- 11 

34 

146 

O  1 

31 

03-54 

03-55 

0-01 

33 

15 

30 

54-99 

54-63 

+ 

0-36 

00-62 

00-16 

e 

=  00-62 

A'r  closure  = 

+ 

0-46 

35 

29 

AO 

08 

27-72 

27-84 

A    1  O 

0- 12 

34 

102 

03 

31  - 19 

31-07 

+ 

0- 12 

32 

48 

48 

01-70 

01-17 

4- 

0-53 

00-61 

00-08 

e 

=  00-60 

A'r  closure  = 

+ 

0-53 

35 

69 

26 

27-20 

27-59 

0-39 

O  4 

34 

40 

17 

30-74 

OA     A  C 

30-45 

4- 

0-29 

61 

70 

16 

02-68 

AO    0 1 

02-21 

4- 

0-47 

00-62 

AA   o  tr 

00-25 

e 

=  00-61 

A'r  closure  = 

+ 

0-37 

35 

11 

10 

25-63 

25-86 

_ 

0-23 

33 

17 

44 

22  72 

22-71 

+ 

001 

32 

151 

05 

12-14 

11-54 

+ 

0-60 

00-49 

00-11 

=  00-50 

\  r  plAtjiirp  = 

4- 

0-38 

35 

51 

28 

25-11 

25-61 



0-50 

33 

18 

12 

10-15 

10-75 



0-60 

31 

110 

19 

25-78 

25-31 

+ 

0-47 

01-04 

01  -67 

€ 

=  01  05 

0-63 

35 

57 

29 

11-37 

10-95 

+ 

0-42 

33 

50 

28 

57  17 

57-15 

+ 

0-02 

29 

72 

01 

54  23 

56-08 

1-85 

02-77 

04-18 

€  = 

=02-77 

A'r  closure  = 

1-41 

35 

72 

01 

22-82 

22  00 

+ 

0-82 

33 

57 

41 

31-87 

31-64 

0-23 

27 

50 

17 

09-53 

08-70 

+ 

0-83 

04-22 

02-34 

€  = 

=04-23  . 

A'r  closure  = 

+ 

1-88 

East  Base.  . 
Huntingdon 
West  Base . . 

East  Base.  . 
Huntingdon 
Newton .... 

East  Base .  . 
West  Base . . 
Newton .... 

Rigaud  

East  Base .  . 
Huntingdon 

Rigaud  

East  Base . . 
West  Base . . 

Rigaud  

East  Base.  . 
Newton .... 

Rigaud  

Huntingdon, 
West  Base . . 

Rigaud  

Huntingdon . 
Newton .... 

Rigaud  

Huntingdon . 
Alexandria. . 

Rigaud  

Huntingdon . 
Maxville  


42  Geodetic  Survey  of  Canada 

TABLE  OF  TRIANGLES— DUSABLE-HALDIMAND  IS^ET— Continued 


Station 


Station 


Angle 


Adju&ted 

Observed 

Correction 

It 

35 

40 

17 

59-48 

59-75 

-  0-27 

32 

29 

48 

17  05 

17-67 

-  0-62 

31 

109 

53 

44-02 

42-56 

+  1-46 

00-55 

59-98 

e  = 

=  00-56 

A'r  closure  = 

+  0-57 

35 

6 

00 

46-26 

45-34 

+  0-92 

31 

169 

49 

35-90 

36-25 

-  0-35 

29 

4 

09 

37-96 

39  - 18 

—  1-22 

00-12 

00-77 

e 

=  00-11 

A'r  closure  = 

-  0-65 

35 

56 

26 

12-36 

12-27 

+  0-09 

31 

96 

56 

39-27 

41-02 

-  1-75 

30 

26 

37 

09-20 

08-18 

+  1-02 

00-83 

01-47 

e 

=  00-83 

A'r  closure  = 

-  0-64 

35 

50 

25 

26-10 

26-93 

-  0-83 

29 

59 

04 

29-89 

29-01 

H-  0-88 

30 

70 

30 

05-87 

06-17 

-  0-30 

01-86 

02-11 

e 

=  01-86 

A'r  closure  = 

-  0-25 

35 

14 

32 

11-45 

11-05 

+  0-40 

29 

132 

29 

08-26 

07-46 

+  0-80 

27 

32 

58 

41-19 

41-18 

+  0-01 

00-90 

59-69 

e 

=  00-90 

A'r  closure  = 

+  1-21 

35 

oo 

Art  IJO 

15-88 

-  123 

27 

40 

4Q 

IQ  -  "^fi 

J.  «7  OIJ 

—  U  -  io 

oU 

lOo 

1  7 
J.  # 

97.71 

9A .  9ft 
-  Zo 

01-92 

m  . fti=i 

Ul  -  oO 

6 

=  01-92 

A  r  closure  = 

37 

14 

42 

38-62 

39-63 

-  1-01 

33 

37 

38 

01-55 

01-17 

+  0-38 

34 

127 

39 

22-24 

21-33 

4-  0-91 

02-41 

02-13 

c 

—  09  .  J.1 

—  -  •*  1 

A'r  closure  = 

+  0-28 

37 

34 

59 

00-55 

01-25 

-  0-70 

33 

53 

08 

56-54 

55-80 

+  0-74 

35 

91 

52 

08-56 

08-36 

4-0-20 

05-65 

05-41 

e 

=  05-64 

A'r  closure  = 

+  0-24 

37 

20 

16 

21-93 

21-62 

+  0-31 

34 

85 

49 

34-22 

35-12 

-  0-90 

35  • 

73 

54 

06-47 

06-38 

+  0-09 

02-62 

03-12 

e 

=  02-63 

A'r  closure  = 

-  0-50 

37 

78 

46 

06-11 

06-40 

-  0-29 

35 

49 

26 

44-44 

43-61 

+  0-83 

36 

51 

47 

16-92 

16-52 

+  0-40 

07-47 

06-53 

6 

=  07-48 

A'r  closiu"e  = 

+  0-94 

Rigaud  

West  Base . . 
Newton. . . . 

Rigaud  

Newton  

Alexandria. 

Rigaud  

Newton .... 
Vankleek . . . 

Rigaud  

Alexandria . 
Vankleek. . . 

Rigaud  

Alexandria . 
Maxville . . . 

Rigaud  

Maxville. . . 
Vankleek . . . 

Royal  

Huntingdon 
East  Base.  . 


Royal  

Huntingdon 
Rigaud  


Royal  

East  Base 
Rigaud . . . 


Royal. . . 
Rigaud . . 
KiUcenny 


Adjustment  of  Triangulation  in  Ontario  and  Quebec  43 
TABLE  OF  TRIANGLES— DUSABLE-HALDIMAND  ^WT— Continued 


Station 


Station 


Angle 


Adjusted 

Observed 

Correction 

38 

o 

15 

42 

38-90 

II 

38-00 

+  0-90 

33 

125 

30 

38-88 

39-82 

—  0-94 

32 

38 

46 

43-44 

43-70 

—  0-26 

01-22 

01-52 

e 

=0i-22 

A'r  closure  = 

—  0-30 

38 

3U 

OA 

07-48 

06-45 

+  1-03 

33 

OO 

15 

0 1  IT 

21-17  • 

22-48 

—  1-31 

34 

K.'7 

o( 

15 

33-44 

33-89 

—  0-45 

02  09 

02,82 

6 

=  02-10 

A'r  closure  = 

—  0-73 

38 

Q7 
Ot 

A  1 

41 

A  O  AO 

48-02 

48-47 

-  0-45 

33 

4d 

lo- 16 

17-11 

—  0-95 

35 

o4 

O  1 

31 

CA  OA 

59-39 

58-33 

+  1-06 

03-57 

03-91 

€ 

=  03-57 

A'r  closure  = 

—  0-34 

38 

HQ 

1  o 

18 

42-46 

42-33 

+  0-13 

33 

04 

Q7 

o/ 

1 A  £!0 

ly  -D2 

21-31 

—  1-69 

37 

OO 

04 

03-25 

02-21 

+  104 

05-33 

05-85 

e 

=  05-33 

A'r  closure  = 

—  0-52 

38 

1  A 

14 

4o 

OO  CO 

28-58 

28-45 

+  0-13 

32 

Do 

QA 

OT  AA 
2  /  -UU 

26-67 

1       A  OO 

-f-  0-33 

34 

1  A1 
lUl 

43 

AC  TA 

05-79 

06  -  37 

—  0-58 

01-37 

01-49 

€ 

=  01-37 

A'r  closure  = 

A     1  O 

—  0-12 

38 

21 

59 

09-12 

10-47 

-  1-35 

112 

18 

28-70 

07 .  fiA 

+  0-86 

oO 

45 

42 

25-02 

O/l    1 Q 

+  0-83 

02-84 

AO  c;a 

e 

=  02-84 

A'r  closure  = 

+  0-34 

38 

7 

12 

40-54 

42-02 

-  1-48 

34 

156 

13 

23-02 

22-56 

+  0-46 

35 

16 

33 

57-30 

56-35 

+  0-95 

00-86 

00-93 

=  00-87 

A'r  closure  = 

—  0-07 

38 

62 

49 

34-98 

35-88 

-  0-90 

34 

70 

23 

48-80 

47-44 

+  1  -36 

37 

46 

46 

41-87 

41-84 

+  0  03 

05-65 

05-16 

e 

=  05-64 

A'r  closure  = 

+  0-49 

38 

55 

36 

54-44 

53-86 

+  0-58 

35 

57 

20 

09-17 

10-03 

-  0-86 

37 

67 

03 

03-80 

03-46 

+-.0-34 

07-41 

07-35 

e 

=  07-40 

A'r  closure  = 

+  0-06 

39 

38 

26 

13-34 

13-67 

-  0-33 

38 

97 

44 

27-46 

26-85 

+  0-61 

37 

43 

49 

28-25 

28-17 

+  0-08 

09  05 

08-69 

e  ■ 

=  09  05 

A'r  closure  = 

+  0-36 

Covey  Hill. 
Huntingdon 
West  Base , , 

Covey  Hill. 
Huntingdon 
East  Base.  . 

Covey  Hill. 
Huntingdon 
Rigaud  

Covey  Hill. 
Huntingdon 
Royal  

Covey  Hill. 
West  Base . . 
East  Base.  . 

Covey  Hill. 
West  Base . . 
Rigaud  

Covey  Hill. 
East  Base.  . 
Rigaud  

Covey  Hill. 
East  Base. . 
Royal  

Covey  Hill. 

Rigaud  

Royal  

Bellevue  

Covey  Hill. 
Royal  
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TABLE  OF  TRIANGLES— DUSABLE-HALDIMAND  l^^T—Conduded 


Station 


Station 
Number 


Angle 


d justed 

Observed 

Correction 

49 

// 

27-20 

// 

z/  •  /O 

0 

-56 

28 

07 

85 

U/  •  <  O 

+  0 

12 

42 

30 

97 

+ 

1 

52 

Oo 

Oz 

fiA  QA 

U4  •y4 

€ 

=  0o 

AO 

02 

A'r  closure  = 

+ 

1 

08 

30 

34 

61 

04  •  UO 

0 

56 

01 

54 

51 

KA  OA 

+  0 

45 

27 

on 

39 

01 

Ar\   1  1 

0 

90 

08 

oo 

OC  OO 

e 

=  08 

oo 

A'r  closure  = 

+  0 

11 

41 

07 

41 

OA  OO 

+ 

1 

12 

01 

56 

49 

p;7  /io 

O/  •4U 

0 

91 

17 

07 

4o 

Oft  Oft 
Uo  •  Zo 

0 

82 

11 

36 

1 1  Q7 
11  •»/ 

e 

=  11 

36 

A'r  closure  = 

0 

61 

08 

28 

35 

07  QA 

+ 

0 

41 

54 

16 

67 

1  A  OA 
ID  •  UD 

+ 

0 

61 

57 

24 

A  O 

43 

OK   1  A 
ZO  •  ID 

0 

73 

09 

45 

OO   1 A 

uy  •  10 

6 

=  09 

44 

A'r  closure  = 

+ 

0 

29 

17 

42 

29 

41  A4 
11  •  04 

+  0 

65 

13 

09 

26 

no  77 

uy  •  / 1 

0 

51 

29 

14 

/J  A 

60 

1  Q  A1 
lo  •  Dl 

+  0 

99 

Oo 

15 

r\K  oo 
uo  •  uz 

e 

=  06 

lo 

A'r  closiu*e  = 

+ 

1 

13 

09 

13 

94 

1   .  7n 

0 

24 

04 

32 

06 

QO  .  OA 

OZ  •  Z4: 

0 

18 

46 

22 

A£! 
06 

01  .  CO 

zi  •  oy 

+  0 

17 

08 

06 

n7  CQ 
U/  •  oo 

e 

=  08 

07 

A'r  closure  = 

+ 

0 

23 

50 

25 

12 

OA  oo 
ZD  •  uz 

0 

90 

24 

Oft  OK 
Zo  •  ZO 

0 

22 

45 

13 

91 

^A  1 Q 
14  •  lo 

0 

22 

07 

06 

Oft  An 

Uo  •  4U 

€ 

=  07 

07 

A'r  closure  = 

1 

34 

18 

55 

27 

54^83 

+ 

0 

44 

58 

03 

41 

03-48 

0 

07 

43 

12 

99 

13-67 

0 

-68 

11 

•67 

11-98 

e 

=  11 

•67 

A'r  closure  = 

0 

-31 

20 

59 

•71 

58-35 

+ 

1 

-36 

07 

38 

•29 

37-46 

0 

-83 

31 

33 

•75 

32-57 

+ 

1 

-18 

11 

•75 

08-38 

e 

=  11 

•75 

A'r  closure  = 

+ 

3 

•37 

St.  Armand 
Bellevue. . . 
Covey  Hill. 

St.  Armand 
Bellevue . . . 
Royal  

St.  Armand 
Covey  Hill. 
Royal  

Yamaska . . 
St.  Armand 
Covey  Hill. 

Yamaska . . 
St.  Armand 
Royal  

Yamaska . . 
Covey  Hill. 
Royal  

Yamaska. . 

Royal  

Kilkenny . . 

Dusable . . . 
Yamaska . . 
Royal  

Dusable . . . 
Yamaska . . 
Kilkenny . , 


40 
39 
38 


40 
39 
37 


40 
38 
37 


41 
40 

38 


41 
40 
37 


41 
38 
37 


41 
37 
36 


42 
41 
37 


42 
41 
36 


46 
106 
26 


86 
68 
25 


65 
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Direction 

Elmsley 

Ashton 

Carp 

Lavant 

log  sin  direction  

observed  direction  

5-3144251 
1-8080718 
5-2117357 
9-9995802n 

5-3144251 
1-8080718 
5-4002839 
9-9999313n 

5-3144251 
1-8080718 
5-6988242 
9-9808789n 

5-3144251 
1-8080718 
5-0958937 
9-9291034n 

2-3338128n 

3  35-68 
267   28  51-76 

2-5227121n 

-         5  33-21 
268   58  51-72 

2-8022000n 

O            /  It 

10  34-16 
286   52  39-40 

2-1474940n 

2  20-44 
301    51  19-48 

267   25  16-08 

268   53  18-51 

286   42  05-24 

301   48  59-04 

Reduction  to  Sea  Level 

In  accordance  with  the  statement  on  page  8,  the  correction  to  reduce 
each  observed  direction  to  sea  level  has  been  omitted.  The  maximum  correction 
for  the  territory  covered  by  this  triangulation,  in  which  the  greatest  elevation 
is  about  1,200  feet  above  sea  level  and  the  longest  line  is  about  30  miles,  could 
not  exceed  0  •  "05,  and  in  general  would  be  less  than  0-"02.  The  probable  error 
of  an  observation  of  weight  unity  is  seldom  less  than  0  •  "4,  so  that  the  corrections 
omitted  are  insignificarit  in  comparison. 


Preliminary  Co-ordinates 

In  order  that  a  simple  expression  might  be  obtained  for  the  observation 
equation  it  was  assumed  that  the  corrections  to  the  preliminary  co-ordinates 
would  be  small,  and  therefore  that  their  squares  and  higher  powers  could  be 
neglected.  It  is  immaterial  which  method  of  computing  the  prehminary 
co-ordinates  is  used  so  long  as  the  most  probable  corrections  to  these  values 
resulting  from  the  adjustment  are  not  so  large  that  they  would  fail  to  satisfy 
the  above  imposed  condition. 

In  the  following  table  are  given  the  preliminary  co-ordinates  of  all  points 
whose  positions  are  to  be  determined,  as  well  as  the  direct  and  reverse  azimuths 
and  the  distances  of  the  lines  joining  them.  It  is  essential  that  the  azimuths 
and  distances  should  correspond  exactly  with  the  data  furnished  by  the 
co-ordinates,  as  the  final  azimuths  and  distances  are  determined  by  adding 
differentials  obtained  by  substituting  the  most  probable  corrections  to  the 
preliminary  positions  in  the  differential  expressions  for  azimuth  and  distance. 


48 


Geodetic  Survey  of  Canada 


o 


s 

I  = 


o 

C  f3  _ 
sS  O  — 

33  £  o 


S  ^ 
.S  5  o  o 


0)       3  2 


O  S  r-  t3  4)  C 

g  C  S  c  g 
o  M  a     o  u  a 


o  o 


o  o 


^  10  -H 

:r>  0  0 
'r>  05  CO 

CO  — 

QO  0 
(M  CO 

CO 

00 

— .  0 

0 

0 

0 

0 

0 

00 

CO 

00 

co 
ao 

(M 

CD  —  «o 
«C  CO  »o 

Tf<  0 

>0  (M  »C 

0  0 
>o  0 

10 
to 

0 

0 

<M 

0  0  2 

(M  CO  eo 
CO  (M  i-H 

CO 

0  s 

0 

CO 

10 
to 

CO 

CO 
Cv> 

CO 
<M 

>0  lO 

t~- 

iO  >o  iC 

0 

>o 

"5 

10  to  <M 
CR  O 
■<**  10 


10  o  o  --0 

-*i  <M  CO 
^  (M 

05  4<  03  O 


I     c<i  — 

I  50  O  C^l 
'  05  to 


lO  to  »o      to  to  »o 


(M 

CO  CO  CO  ■«*( 
to  to  10  to  iO 


a>  —I  T*. 

00  05  <M 
CO  <M  05 


o  t  -  to 

<M  O  rfi  (M 
CO 


§  05  C^I 
^  O  33  ■'t" 


10  to  to       to  to  to 


IM  O  O 
to  to  to  to 


'OOtO 

>  to  to 


1  to  to  -rf 


<M  <M  CO 
■»t<  03 

(M 

^  ^  CO 
^  CO 


<M  Tt<  CO  C^I  02 
03tO<35r-icO  C^l— 


00  CO  to 

^  O  to 


to  to 

Tt<  CO  O 
CO 


CO  to 
<M  ^  — • 

O  Oi  ■<*i 


CO  CO  ■<*' 


00  CO  CO 

CO  --i  ■<*" 

(N  CO  CO 


03  O 

01  CO 

-H  <N  CO 


CO  O  00 
03  O  CO 
^  05  CO  CO 


•<tl  to  O  C<1  to 


M  03  a>  10 
-H  to  Oi  CO 
(M  <rq  c-j  !M  CO 


I  lO  ^  ■ 


to  CC  C<I 
00  o  to 
(M  <M 


to 
to  o 


CO  CO  cq 
CO  CO  — - 

CO  to 


S>  CO  o  to  to 
to  to  03 

03  — J  to  to  O  GO 

— H  to  (M  C<l 

-O  to  O 

O  00  to  to 
CO  CO  -rf 


(N  Tf  Oi 

00  oc 

(M  CO  O  GO 
Tt<  o 

05  CO  00  00 
03  ■>*<  OS  Oq 
to  to  CO  C-1 


00  Oi  CO 
CO  CO  CD 
O  O  03  00 


CD  CO  CO 
-H  CO  00 
05  00  o 
CO  CI  o 


CO  CO  ira 
(^^  00  CO 
to  t-- 

■<}<  O  05 
CO  ■'f  03 

<33  O  r- 


O  33 
to  CD 
CO  o 


C^  C>5 
CO 

CO  CO 


0  00 

CO  r-H 

CO  CO  03 
CO  CD  T-i 

a;  00 
0  0  CO 

00     c<i  — 

<M  to  to  0 

CD  t-  to 

0  CO  (M  03 

0            00  CD 
03  to  00 

CO  —  CD 

00  c^ 

c^^  0 

O-l  CO 

C-1 

to 

(M 

0 

CO  CO  0 
0  r« 

0  0 

(M  to 

to  GO  0 
C?  <M  0  CO 

00  Tt<  to 
CO  -H 

00     00  C53 
^  to 

^  0  03 
CO  to  -H 

!M  — 1  CO 

to 

CD  00 
to  CJ 

0 

CD 
CO 

03 

to 

CO 

to 

CD 
CO 

.-HOO 

^  CO  to 

00  Tt< 

0  CO 

CO  <33 

CO  0  CO 

00       ^  -"tl 
^  to  CO  ^ 

0  CD 
CO  to  0  C<1 

CO  CO  to 
to  lO  (M  0  to 

■ct<  0 
C<l  CO 

0  t~  00 

^  CO  ^ 

CO 

0  0 

to 

CO 

C<l 

CO 

to 

03 

to 

03 

0 

to  to  0 

CD  00  <M 

^ 

CO  03 

00  CO  CO 
10  CO  0 

03  CO  0  03 
•-I  to  03  -sf 

CO  c:3  00 
00  to 

^  00  03 

CO  — "O 

^  CO  00 
—  to 

to  CO  ^ 

00 

CO 

CO 

05  03 

to 

CO 

to 

to 

CO 

to 

03 

—       CO  t~ 


CO  to 


^  o 

CO 


I  I 

O  eS 


Adjustment  of  Triangulation  in  Ontario  and  Quebec 


49 


Differential  Formula 

For  the  sake  of  convenience  the  differential  formulae  ^are  here  repeated. 
We  have  for  the  change  in  azimuth, — 

Ri  sin  ai.o  Ri  sin  a-z-i  N2  cos  4>2  cos  0:2.1 

8ai.2  =   ■  501  +    5.^2  -I   (5X2  -  5X1) 

mm  m 

R2  sin  «2-i  Ri  sin  ai.o  cos  0i  cos  ai.o 

5«2.i  =   •  602  H  501  H  (5X2  -  5X1) 

m  m  m 

s 

where  m  =  S  -\-  2,  where  2  =  2nd  and  higher  powers  of  and  for  the  change 
in  distance, — 

—  5s  =  sin  1"  (Ri  cos  ai.o  50i  +  R2  cos  0:2.1  502  +  A''2  cos  02  sin  a2-i  (5Xi  —  5X2)) 
The  observation  equation  is : 

y^.o  =  —  2  +  5o;i.o  +  computed  azimuth  —  observed  azimuth. 

For  the  purpose  of  tabulation  it  will  be  more  convenient  to  condense  the 
above  formulae  by  introducing  single  letters  to  represent  the  more  complex 
coefficients.    We  may  then  write : — 

5ai.2  =  A5  0i+55  02  +  C  (5X2  -  5X,) 
5a.>.i  =  5  5.02  +  A  5  01  +  (5X1  -  5X2) 
-  5s  =  £J  5  01  +  5  02  +  G  (5X1  -  5X2) 
V1.2  =  —  z+^5  0i+B5  02  +  C  (5X2  -  6X1)  +  ac  -  «o 

These  formulae  will  now  be  applied  to  the  observations  made  at  the  station 
Ashton  Following  is  the  computation  for  the  coefficients  A,  B,  C,  etc.,  of 
the  line  Ashton  to  Bowesville,  the  necessary  data  being  obtained  from  the  table 
of  preliminary  co-ordinates.  In  a  similar  manner  the  values  given  in  the  table 
of  coefficients  for  the  station  Ashton  may  be  found.  The  calculation  of  a 
coefficient  is  omitted  whenever  the  differential  is  equal  to  zero.  In  this  example 
we  have  the  differentials  for  the  stations  Lavant  and  King  Mountain  equal  to 
zero,  the  positions  of  these  stations  having  been  fixed  by  the  adjustment  of  the 
Dusable-Haldimand  net. 


EVALUATION  OF  COEFFICIENTS  FOR  LINE  ASHTON-BOWESVILLE 


log  Ri 

=  6-8039691 

logi2L 

=  6-8039691 

log  A^i 

=  6-8054385 

log  sin  ai.t 

=  9-9231333 

log  cos  0:1.2 

=  9-7371912 

log  cos  0:1.2 

=  9-7371912 

co-log  s 

=  5-4512318 

log  sin  1" 

=  4-6855749 

log  COS  01 

=  9-8483332 

log  A 

=  2-1783342 

log  E 

=  1-2257352 

co-log  s 

=  5-4512318 

log  D 

=  1-8421948 

A 

=  +150-777 

E 

=  +  16-8.55 

D 

=  +  69-534 

log  R2 

=  6-8039825 

log  R2 

=  6-8039825 

log  N2 

=  6-8054431 

log  .V2 

=  6-S054431 

log  sin  0:2.1 

=  9-9244526n 

log  cos  0:2.1 

=  9-7340529ri 

log  COS  0:2.1 

=  9-7340529n 

log  sin  aj.i 

=  9-9244526n 

colog  s 

=  5-4512318 

log  sin  1" 

=  4-6855749 

log  003  02 

=  9-8470094 

log  cos  02 

log  sin  1' 

=  9-8470094 

logB 

=  2-1796669n 

log  F 

=  l-2236103n 

co-log  3 

=  5-4512318 

=  4-6855749 

logC 

=  l-8377372n 

log  G 

=  l-26243a0n 

B 

=  -151-240 

F 

=  -16-734 

c 

=  -68-824 

G 

=  -18-301 

TABLE  OF  COEFFICIENTS 

Station— Ashton 


To  station 

Number 
of 
line 

Values  of 

A 

B 

C 

D 

E        1  F 

G 

King  Mountain  

4-21 
4-  3 
4-  5 
4-  6 
4-15 
4-  1 

+  52-913 
+  150-777 
+  254-415 
+  192-591 
-  120-378 

-  10O-172 

-  68-824 
+  2-340 
+  229-717 
+  20-318 

-  82-699 

+  106-883 
+  69-534 

-  1-631 

-  229-009 

+  29-134 
+  16-8.55 

-  0-222 

-  26-529 

-  6-926 
+  18-616 

-  7-222 

-  18 -.301 

-  21-844 

-  11-171 
4-  21-288 
+  17-426 

Bowesville  

North  Gower  

Montague  

-  151-240 

-  254-404 

-  192-14S 

-  16-734 
-f  0-401 
+  26-549 

Pakenham  

-  155-921 

+  156-409 

-  19-610 
+  83-409 

-  18-516 

57105—4 
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Calculation  of  Absolute  Terms 

The  calculation  for  the  absolute  terms  of  the  observation  equations  for  the 
station  Ashton  follows.  The  computed  azimuth  is  obtained  from  the  table 
of  preliminary  co-ordinates.  The  observed  azimuth  at  any  station  not  having 
a  fixed  line  emanating  therefrom  may  be  taken  equal  to  the  computed  azimuth 
for  any  one  line,  but  generally  it  will  be  more  convenient  to  equate  these  for  the 
line  used  as  initial  for  the  directions.  Then  the  observed  azimuth  for  any  other 
line  can  be  obtained  by  simply  adding  the  observed  direction  to  the  assumed 
observed  azimuth  of  the  initial.  In  the  case  where  observed  directions  are 
connected  with  a  line  fixed  in  azimuth  the  observed  azimuth  of  this  line  must 


be  taken  equal  to  the  fixed  value. 

Computed  azimuth  Ashton  to  King  Mountain  

  = 

OCo 

ac 

= 

o 

+  19 
19 

1  o 

lo 
18 

II 

z\  -  in 

ac  - 

-  ao 

o 

0  000 

Observed  angle  King  Mountain- Ashton-Bowesville  

1   1  Ck 

+  19 
37 

1  Q 

36 

II 

06  080 

Cbmputed  azimuth  Ashton  to  Bowesville  

  = 

OCo 

ac 

= 

+  OD 

56 

54 

Zl 'OOl 

25-566 

.'.ac  • 

-  ac 

o 

/ 

-1-791 

Observed  angle  King  Mountain- Ashton-North  Gower  

= 

+  19 
71 

1  Q 

lo 
12 

Z\ - Zil 

52-630 

Computed  azimuth  Ashton  to  North  Gower  

— 

ao 
ac 

+90 
90 

61 
31 

io -9U/ 

08-517 

.'.ac  • 

-  ao 

o 

-5-390 
II 

Observed  angle  King  Mountain-Ashton-Montague  

+  19 
129 

18 
57 

21-277 
03-170 

/.Observed  azimuth  Ashton  to  Montague  

ao 

ac 

+  149 
149 

15 
14 

24-447 
36-010 

.\ac  - 

-  ao 

-48-437 

Observed  azimuth  Ashton  to  King  Mountain  

o 

+  19 
287 

18 
46 

// 

21- 277 
47-700 

Computed  azimuth  Ashton  to  Pakenham  

ao 
ac 

+307 
307 

05 
05 

08-977 
17-502 

.'.ac  - 

-  ao 

+8-525 

Observation  Equations 

At  all  adjusted  stations  of  the  Ottawa-Groveton  net  directions  are  considered 
which  have  been  observed  in  a  series  with  the  directions  entering  into  the 
Dusable-Haldimand  net.  By  the  adjustment  of  the  latter  net  these  directions 
become  fixed  and  a  value  of  the  orientation  factor  z  is  obtained  from  the 
consideration  of  these  only.  From  the  previously  adjusted  stations  observation 
equations  with  z  omitted  are  written  for  the  new  lines  only,  the  observations 
over  the  old  lines  being  disregarded,  the  result  being  the  same  as  if  the  angle 
method  of  adjustment  had  been  used. 

In  this  method  of  adjustment  Jordan  suggests  that  observations  at  fixed 
points  be  assigned  only  half  weight.  In  this  adjustment  all  directions  whether 
at  adjusted  or  unadjusted  stations  are  treated  with  unit  weight.    This  has 
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been  done  because  of  the  difficulty  of  determining  even  approximately  correct 
weights. 

Collecting  the  coefficients  A,  B,  C,  from  the  computation  of  coefficients  for 
the  line  Ashton  to  Bowesville  we  have  for  the  change  in  azimuth  the  differential 
expression 

dai.3  =  -  151-240  5</)3  -  68-824  <^X3  +  150-777  504  +  68-824  SU 
The  observation  equation  is 

1,4.3  =  -     -  151-240  603  -  68-824  8X3  +  150-777  8<t>4  +  68-824  5X4  -  1-791 

In  a  similar  manner  all  of  the  observation  equations  for  the  station  Ashton 
may  be  formed.  Herewith  are  given  the  five  observation  equations  for  the 
observations  made  at  Ashton. 

Station  Ashton  . . 

Vi.il  =  -Zi  +  52-913  504  +106-172  5X1  0-000 

vi.3  =  -Zi      -151-240  503  -  68-824  0X3     +150-777  504  +  68-824  5X4  -  1-791 

1)4.6  =  -24  +254-415  501  -    2,340  5X,  -251-404  505     +    2-340  5X5      -  5-390 

«4.6  =  -24  +192-591  504  -229-7175X4  -192-148  50J     +229-717  6X6  -48-437 

»4.i  =  -24      +156-409  501  -  82-699  5Xi      -155-921  504  +  82-699  5X4  +  8-525 

These  observation  equations  in  conjunction  with  those  formed  for  the  other 
stations  serve  for  the  formation  of  the  normal  equations,  and  a  solution  of 
these  will  give  the  desired  corrections  to  the  following  co-ordinates. 


Elimination  of  Z 

As  these  observation  equations  contain  z^s  which  are  of  no  particular  interest 
in  themselves,  the  work  may  be  done  in  any  of  the  following  methods: — 

(I)  The  value  of  z  for  each  station  may  be  found  by  forming  the  normal 
equations  for  that  station  and  solving  for  z,  and  this  value  substituted  in  the 
observation  equations  gives  a  new  set  of  observation  equations  from  which  we 
form  our  normal  equations  for  the  system. 

(II)  The  normal  equations  for  each  station  are  formed  and  the  z  eliminated 
and  these  reduced  normal  equations  of  each  station  are  added  together  term 
for  term  giving  the  normal  equations  for  the  system. 

Suppose  our  n  observation  equations  for  a  station  are: — 
vi  =  z  -\-  ai  X      bi  y  -{-  Ci  u  +  h 
t'2  =  2  +  ^2  a;  +  62  2/  +  C2  It  +  Z2 

Vn  =  Z    -{-  an  X  -\-  hn  y  +  Cn  U  In 

our  partial  normal  equations  are: — 


nz  + 

[a]  x+  [b]  y  +  [c]  u+  [I] 

=  0 

(1) 

+  1 

[aa]  x  +  [ab]  y  +  [ac]  u  +  [al] 

=  0 

(2) 

+  m  y  +  [he]  u  +  [bl] 

=  0 

(3) 

+  [cc]  u  +  [cl] 

=  0 

(4) 

From  (1)  z 

a          b          c  I 
=  —  -  X—  -y—      u  —  - 
n          n  ^       n  n 

Substituting  this  value  of  z  in  (2),  (3)  and  (4)  we  get: — 

( [aa]  -  ?  [a]  )  .r  +  (  [ab]  -  ^  [5]  )     +  (  [ac]  -    [c]  )  u  +  [al]  -  ^  [/]  =  0 

+  (  [bb]  -l[b])y  +  {  [be]  -l[c])u  +  [bl]  -l[l]  =  0 

+  (  [cc]  -l[c])u  +  [cl]  -  I  [I]  =  0 

These  added  term  for  term  to  partial  normal  equations  formed  similarly 
for  other  stations  give  the  normal  equations  for  the  system. 

(Ill)  The  work  is  made  easier  by  the  following  mechanical  rule:  The 
observation  equations  at  a  point  are  written  down  with  z  omitted  giving  ea  c 
unit  weight  and  «  fJp.fJ+inus  eouation  equal  to  the  sum  of  the  others  is  add  e 

57105-4$ 
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with  a  negative  weight  equal  to  —  K  To  reduce  this  to  unit  weight  it  must  be 
multipUed  by       

V--     =    ^  -  I    -J  -  =  i  ^  ~  where  i  =  V~i 
n  ^  ^  n  1(71 

Wt  (p)  Vp" 

vi    =  ay  X  -\-  hi  y  +  Ci  u  +  h  1  1       .  (1) 

V2    =  aix  +  h^y  -\r  CiU  -\-  U  1  1  (2) 

Vn    =  anx  H-  bny  +  c„M  +  Z„  1  1  (n) 

The  consequent  fictitious  equation  is : — 

=  ^_M^  +  mj.  +  iMif  +  m    1         1  + 1) 

Vn  vn  vn 

where  i  —  V  -i 

This  fictitious  equation  is  derived  from  multiplying  the  expression 
[a]  a;  +  [6]     +  [c]  w  +  [I]  hy  This  expression  is  at  once  seen  to  be 

the  SUM  of  all  the  right-hand  expressions  for  the  original  observation  equations. 
Hence,  in  practice  we  first  find  the  sum  expression  and  then  multiply  it  by 

V_  -  to  form  the  above  mentioned  fictitious  equation. 

Now  we  form  our  normal  equations  from  the  +  1)  observation  equations 
and  get : — 

([aa]  -  ^  [a]  )  x  +  {[ah]  -  ?  [6] )  y  +  (  [ac]  -  ^  [c]  )  u  +  [al]  -  {  [I]  =  0 

( [hb]  -  ^  [6]  )  ^  +  (  [be]  -l[c])u  +  [hi]  -     [^]  =  0 

(  [cc]  -  l[c])u  +  [cl]  -  I  [I]  =  0 
the  same  result  as  by  method  (II). 

The  second  method  was  used  in  this  adjustment,  but  the  third  is  consider- 
ably shorter  and  all  the  work  is  done  by  arithmometer. 

In  the  following  table  are  given  the  five  observation  equations  with  z  omitted 
for  station  Ashton;  the  sum  or  fictitious  observation  is  given  in  the  last  row 
with  weight  — J.  This  is  reduced  to  unit  weight  by  multiplying  each  coefficient 
by  V  -1  =  0  •  447214  i  and  the  result  inserted  in  the  second  last  row.  The  normal 
equations  given  in  the  table  following  are  formed  from  the  five  observation 
equations  and  the  fictitious  observation  equation. 

STATION  ASHTON 


V 

5Xi 

6  03 

5X3 

504             5  X4 

4-21  

+  52-913 

+106-172 

4-3  

-151-240 

-  63-824 

+  150-777 

+  68-824 

4-5  

+254-415 

-  2-340 

4-6  

+192-591 

-229-717 

+  156-409 

-  82-699 

-155-921 

+  82-699 

4-0  ,  

+    699 -481 

-  36-984 i 

-  67-637 i 

-  30-779i 

+221 -270  i 

+  ll-466i 

Sum  

+156-409 

-  82-699 

-151-240  1 

-  68-824 

+494-775 

+  25-638 

I' 

5  06 

5X.. 

5  05 

5Xs 

I 

Vp 

4-21  

0  000 

+  159-085 

1 

4-3  

-  1-791 

-  2-254 

1 

4-5  

—254-404 

+  2-340 

—  5-390 

—  5-379 

1 

4-6  

-192-148 

+229-717 

-  48-437 

-  47-994 

4-1  

+  8-525 

+  9-013 

1 

4-0  

-113-773i 

+  l-046i 

-  85-931 i 

+102-733  i 

-  21061i 

+  50-298 i 

1 

-254-404 

+  2-340 

-192  148 

+229-717 

-  47-093 

+112-471 

-I 

0-447214i 
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Station  Pakenham 

l'1.21  =  —  Zl 
Vi.2    =  —Zl 

Via  =  —Zl 


OBSERVATION  EQUATIONS 
Ottawa— Groveton  Net 


+  134-286  5</»i  + 
+233-975  601  + 
+  156-409  ^</)i  - 


43-090  5Xi 
11-857  5Xi 
83-409  5Xi 


■234  050  502 
-155-921  l<f>i 


0  000 

11-857  6X2  +  8-711 
83-409  6X4  +11019 


Station  Carp 

V2.n=-Z2  +192-101602 

1,2.49  =  -22  +254-987  602 

V2.3    =  -32  +221-537  602 

112.1  =-32  +233-975  601     +  12-568  5Xi     -234-050  602 


+  178-231  5X2 
+  39-7996X2 

-  13-190  5X2 

-  12-5686X2 


•221-454  603     +  13-1906X3 


0  000 
-  4-480 
+  2-892 
+11-892 


Station  B.owfsville 
-23 
-23 


1'3.24 
C3.7 
V3.22  =  —  23 


1'3.6  =  —23 

V3.6  ---  —23 

l'3.4  =  —  23 

t'3.2  =  —  23 

V3.2I  =  —  23 


+221-537  602     -  12-478  6X2 


+229-530  603 
+162-917  503 
+  60-652  603 

-  74-322  603 

-  84-905  503 
-151-240  v«03 
-221-454  503 
-172-863  603 


+  97-972  5X3 
-108-382  6X3 
-146-680  6X3 
-218-166  6X3 

-  96-271  6X3 

-  69-534  6X3 
+  12-4786X3 
+135-402  6X5 


-162-410  507  +108-382  6X7 

+  74-091  606  +218-166  5X6 

+  84-450  606  +  96-271  5X« 

+  150-777  604  +  69-534  6X4 


0-000 
+  2-750 
+  3-859 
+  4-028 
+  0-912 
+16-991 
+12-323 
+18-349 


Station  Ashton 
rl'.r  =  -a      -151-240  603  -68-8246X3 

1-4.6    =  —24 

=  -Z  +156-409  601  -  82-699  6X1 
Station  North  Gower 


l'6.3  =  —  25 

1^6.7  =  —26 

l'6.22  =  —Zb 

»5.8  =  —Zs 

1)6.6  =  —25 

1)6.4  =  —26 


-  74-322  603     -217-456  5X3 


+254-415- 


-  ■  1-631  5X4 


+  52-913  604 
+150-777  504 
+254-415  604 
+192-591  604 
-155-921  604 


+  74-091  506 
+249-479  505 
+335-527  505 
+  76-308  506 
-221-320  505 
-254-404  5  06 


+106  -172  6X4 
+  68-8246X4 
-  2-3406X4 
-229-7176X4 
+  82-699  5X4 


+217-456  6X5 
-  0-431  6X5 
-161-310  5X6 
-137-359  6X5 
-136-389  6X6 
+  1-6315X6 


-254-404  6  05  +  2-3405X5 
-192-148  506     +229-717  6X6 


■249-479  507 


0-431  5X7 


-  75-964  608  +137-359  5X8 
+220-821  506     +136-389  6X6 


0  000 

-  1-791 

-  5-390 
-48-437 
+  8-525 


0  000 
+  0-323 

-  5,728 
+  0-679 

-  6-723 
+  7-960 


Station  Montague 


r6.20  =  —26 

l'6.4    =  —26 

f6.3    =  —26 

1)6.22  =  —26 

JJ6.8    =  —26 


+  192-591  604 

-  84-905  503 
-221-320  505 


-229-009  5X4 
-  95-562  6X3 
-135-681  6X5 


-371-436  506 
-192-148  509 
+  84-450  506 
+220-821  606 
+208-957  606 
+181-810  606 


-117-845  5X6 

+229-009  6X6 
+  95-562  6X6 
+135-681  5X6 
+  27-014  5X6 
-  66-761  6X6 


■181-400  508     +  66-761  5X8 


0  000 
-56-094 
-23-531 
-22-944 
-20-743 
-  6-784 


Station  Ormond 


l'7.23  = 

V7.10  - 

V7.9  = 

V7.8  - 

1)7.22  - 

t)7.6  = 

l'7.3  = 


—  27 

—  27 


+249-479  506 
+162-917  603 


Station  Groveton 


+  181-810  505 
+  76-308  505 


89-789  507 

Station  Dundela 
=  -29      +252-179  608 

+104-327  507 


vs. 9 

—  28 

V8.19 

—  28 

1)8.6 

—  28 

18.6 

—  28 

D8.22 

—  28 

l'8.7 

—  28 

i'9.8 

1)9.22  =  —29 


Station  Osnabruck 
1)10.7  =  -210     +195-425  607 

1)10.23=  — 2lO 
1)10.28=  — 2lO 

Station  Lavant 
ri6.4  =  -120-378  604 

Station  Elizabethtown 


1)19.6 
D19.8 


+  66-471  606 
-109-311  608 


+  0-2795X5 
-107-672  5X3 


-  66-054  6X«. 
-136-651  6X5 

-126-059  5X7 


+  58-903  5X8 
-184-321  6X7 

-  69-3455X7 


19-610  6X4 


783  6X5 
352  5X8 


Station  Elmsley 
1)20.6  =  -371-436  506     -117-138  6Xs 

Station  King  Mountain 
i)-2i.8  =  -172-863  603  +136 


1)21.4 
1)21-2 


+  52-913  604  +106 
+192-101  502  +178 


114  5X3 
883  5X4 
943  6X2 


-  3-032  5  07 
+201-370  507 
+195-425  507 
+104-327  607 

-  89-789  607 
-340-322  507 
-249-479  607 
-162  -410  607 


+252-179  608 
-109-311  508 
-181-400  608 
-  75-964  608 
+  29,014  508 
+  89-384  608 


-252-476  609 
-225-992  509 
-103-979  609 


+140-815  5X7 
+  39-054  6X7 

-  70-0545X7 
-185-028  5X7 
-126-766  6X7 
-169-683  5X7 

-  0-2796X7 
+107-672  6X7 


+  58-197  5X8 
-165-056  6Xe 
+  66-054  SXs 
+  136-651  6X8 
+227-057  5X8 
+126-059  6X8 


-  58-903  5X9 
+  93-4375X9 
+184-321  5X9 


-195-019  5010  +  69-345  6X10 
+  46-672  6010  +206-716  6X,o 
+265-908  6010    +112-482  5Xio 


-195-019  6010 
-103-979  609 
+  89-384  608 


■252-476  608 


+  70-054  6X10 
+  185-028  6X9 
+  126-766  6X8 


58-197  6X9 


0  000 

-  0-010 

-  2-532 

-  4-222 

-  2-802 
+  9-202 

-  0-549 

-  4-558 


0  000 
+  10-806 
+  12-879 
+  2-197 

-  4-442 

-  2-063 


0-000 
+  4-712 
-  4-240 


0  000 
+  3-339 
+  5-435 


+  0-567 


+  8-257 
+  8-618 


+15-574 


+10-651 
+  8-520 
+  3-239 
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OBSERVATION  EQUATIONS— Concluded 


Ottawa— Groveton  Net 


Station  North  Mountain 

V22.1  =            -340-322  507 
1)22.9  =            -225-992  509 

1)22.8  =                  +  29-014  508 

t)22.6  =            +208-956  508 

t  —               4-^'<'^.'>97 /5<^c 
1)22.6  —                 ^ooo  oLi  Uy>6 

t'22.3  =                  +  60-652  503 

-168-975  5X7 
+  94-144  5X» 
+227-764  5X8 
+  27-722  5Xj 

"lUU'OUii  C/A5 

-145-970  5Xs 

+  6124 
+  0-700 

-  9-670 

-  7-150 

-  9-260 

-  6181 

Station  Roxboro 

»23.io=            +  46-672  5010 

D23.7  =                  +201-370  507 

+207-524  5X10 
+  39-764  5X7 

-  1-835 

—  3-508 

Station  Navan 

1-24.7  =.                -     3-032  507 

t)24.3  =            +229-530  503 

+141-526  5X7 
+  98-683  5X3 

-  0-710 

-  7-778 

Station  Bonville 

t)28.io=            +265-908  5010 

+113-190  5X10 

+  1-300 

Station  Ottawa 

»49.2  =           +254-987  502 

+  40-510  5Xj 

-  3-142 

Normal  Equations 

When  the  reduced  partial  normal  equations  have  been  formed  for  each 
station  the  normal  equation  for  any  unknown  is  obtained  by  collecting  and  adding 
together  the  partial  normal  equations  of  that  unknown. 
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Precision  Formula 

As  a  test  of  the  accuracy  of  the  triangulation  the  weights  of  two  sides,  and 
of  two  corrections  to  observed  directions,  in  addition  to  the  geographical  co- 
ordinates of  two  stations,  will  be  determined.  Referring  to  equation  (6)  we 
see  that  the  function  equations  are  of  the  form 

8F  =  fix  +f2y  +fsz  +    .    .  . 
where  x,  y,  z    .     .     .    are  the  unknowns  of  the  normal  equations.    In  this 
case  the  unknowns  are  changes  in  the  geographical  positions,  hence  all  function 
equations  are  of  the  form 

dF  =  fi  d(t>i  +  h  6X1  +  h  H2  +  /4  5X2  +    .    .  . 
Comparing  this  with  the  equations  on  page  50,  we  see  that  the  function  equation 
for  the  weight  of  a  side  is 

551.2  =  Eb4>i  +  Fb4>.i  +  G  (5X1  -  5X2) 

The  function  equation  for  the  reciprocal  of  the  weight  of  a  correction  to  an 
observed  dire^ction  is  obtained  as  follows.  We  have  from  the  observation  equa- 
tion 

V  =  —  2;  +  A 5(^1  +  Bb(t>2  +  C  (6X2  —  5X1)  +  abs.  term. 

This  equation  contains  the  orientation  factor  z  which  has  been  eliminated 
from  the  body  of  the  normal  equations.    Its  value  in  terms  of  5<^'s  and  6X's 
obtained  from  the  normal  equation  for  z  must  be  substituted,  then 
V  =  fi  501  +  /2  5X1  +  fs  84>2  +  /i  5X2  +     .     .     .  . 

In  the  determination  of  the  function  equation  of  the  geographical  co-ordi- 
nates all  of  the  /'s  are  equal  to  zero  except  one  which  is  equal  to  unity. 

For  the  application  of  these  equations  the  distances  Pakenham  to  Carp 
and  North  Gower  to  Ormond,  the  corrections  to  observed  directions  North 
Gower  to  Bowesville  and  Dundela  to  Ormond  and  to  the  geographical  co-ordi- 
nates of  Bowesville  and  Dundela  have  been  chosen. 

The  function  equations  in  the  order  mentioned  are : — 
5si.2  =  +  2-34  501  -  21.71  5X1  -  2-21  502  +  21-71  5X2 
5S5.7  =  +  0-05  505  -  21-85  5X5  +  0-08  507  +  21-85  5X7 
5i;6.3  =  -  61-93  503  -181-21  5X3  -  42-40  504  +   0-27  5X4  +  30-81  505 
+  253-52  5X0  -  36-80  506  -  22-73  5X6  +  41-58  507 
-   0-07  5X7  +  12-66  508  -  22-89  5X3 
5^9.7  =  +  69-55  507  -  122-88  5X7  -  84-06  508  -  19-63  5X3  +  90-17  50^ 
+  111-37  5X9 

503    —    1  503 

5X3  =  1  5X3 
509  =  1  509 
5X9  =  1  5X9 

The  reciprocal  of  the  weight  of  each  of  these  functions  is  found  by  attaching 
these  equations  in  vertical  columns  to  the  right  hand  side  of  the  body  of  the 
collected  normal  equations,  operating  upon  them  in  the  same  manner  as  upon 
the  absolute  terms  and  forming  the  several  products.  Since  the  co-efficients  of 
the  normal  equations  have  for  convenience  been  divided  throughout  by  1000 
those  in  the  function  equations  will  likewise  have  to  be  divided  by  1000.  The 
products  formed  will  then  be  xoW  of  their  proper  value. 

The  function  equations  with  coefficients  divided  throughout  by  1000  are 
shown  attached  to  the  normal  equations  in  the  table  on  page  57.  The  products, 
multiplied  by  1000,  from  each  elimination  are  shown  in  the  table  on  page  59. 

The  probable  error  of  the  function  is  obtained  from  the  probable  error,  r, 
of  an  observation  of  weight  unity  and  the  weight  of  the  function  p,  thus  p.  e. 

T 

=  ^— J-    The  computation  of  the  probable  errors  of  the  various  functions  is 

shown  at  the  bottom  of  the  table,  for  which  the  headings  are  to  be  read  from 
the  bottom  upwards. 
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The  values  of  the  most  probable  corrections  as  given  in  the  table  on  page  57 
give  all  the  data  required  for  the  evaluation  of  the  orientation  factors,  corrections 
to  observed  directions  and  the  corre'ctions  to  azimuths  and  distances  correspond- 
ing to  the  preliminary  positions. 


Evaluation  of  Final  Values 

After  the  normal  equations  are  solved  for  A<^,  AX,  etc.,  the  values  of  the 
several  2;'s  are  found  by  the  following  plan.  According  to  the  theory  given  on 
page  52  the  value  of  z  at  any  point  is  given  by  the  equation  nz  +  (a)  rc  +  {h)  y 
+  (c)  u  +  (?)  =  0,  an  equation,  the  left  hand  of  which  is  formed  by  adding  nz 
to  the  SUM  of  the  observation  equations  as  given  by  the  bottom  Une  of  the  table 
on  page  53.  In  the  same  table  the  number  of  observations  is  five,  hence  upon 
division  by  5, — 

24  =  +31-282  501  -  16-540  5Xi  -  30-248  503  -  13-765  5X3 
+  98-955  504  +  5-128  5X4  -  50-881  505  +  0-468  5X5 
-  38-430  506  +  45-944  5X6  -  9  -  419 

=  -  8" -777 

Knowing  the  value  of  z  we  proceed  next  to  the  observation  equations. 
Selecting  the  observation  equation  for  the  Hne  Ashton  (4)  to  King  Mountain 
(21)  as  an  example,  we  get,  since  b<p2i  =        =  0, 
t'4-21  =  —  24  +  5q;4.2i  +  abs.  term. 

=  -  24  +  52-913  504  +  106-172  5X4  +  abs.  term 

=  +  8-777  +  |52-913  (+-015)  +  106-172  (-0-084)  1+0-0 

=  +  8-777  -  8-124  =  0"-653 
and  5a4.2i    =  -  8-124" 

Referring  to  the  table  of  coefficients  for  the  station  Ashton  and  supplying 
the  values  of  E  and  G  we  have, — 

-5  S4.21  =  +  29-134  504  -  7-222  5X4 

=  +  29-134  (+0-015)  -  7-222  (-0-084) 
=  1044 

Using  the  above  values  we  have  finally, — 

Orientation  factor  —  station  Ashton   =24        =  —8" -777 

Observed  direction  —  Ashton  to  King  Mountain  =  0°  00'  00" 

Correction  from  adjustment   =  ^4.21      =  +0-653 

Final  direction  -  Ashton  to  King  Mountain  =  0°  00'  00"  +0-653 


Station 

King  Mountain 

Ashton 

X 

X 

0 

/  // 

0    /  // 

Of  // 

Preliminary  co-ordinates  

45 

29  21-427 

75  51  49-475 

45  09  05-587 

76  01  55-202 

+0-015 

-0-084 

Final  co-ordinates  

45 

29  21-427 

75  51  49-475 

45  09  05-602 

76  01  55  118 

Preliminary  azimuth  —  Ashton  to  King  Mountain  (Table  on  p.  49)  

Correction  from  adjustment  =  50:4.5 

Final  azimuth  —  Ashton  to  King  Mountain  


o        /  // 

=  19  18  21-277 
-8-124 

=  19  18  13-153 
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The  correction  for  the  distance  as  given  above  is  in  metres.    To  obtain  the 

equivalent  value  to  add  to  the  logarithmic  distance,  we  have  5  log  .s  =  /x— ' 

where  8  log  s  is  the  required  correction,  /x  is  the  modulus  of  common  logarithms, 
8s  is  correction  in  metres  and  s  is  distance  in  metres.  The  logarithmic  compu- 
tation is  as  follows : — 


log  M 

=  9-6377843 

log  5S4-21 

=  0-0187005  n 

9-6564848  n 

log  s 

=  4-5997274 

log  (5  log  s) 

=  5-0567574  n 

5  log  s 

=  -  0-0000114 

log  s 

=  4-5997274 

log  5 

=  4-5997160 

The  corrections  to  observed  directions  resulting  from  the  figure  adjustment 
indicated  by  the  preceding  observations  are  as  follows: — 


TABLE  OF  CORRECTIONS  TO  OBSERVED  DIRECTIONS 
Ottawa — Groveton  Net 


Number 

Correction 

Number 

Correction 

Number 

Correction 

Number 

Correction 

of 

to 

of 

to 

of 

to 

of 

to 

direction 

direction 

direction 

direction 

direction 

direction 

direction 

direction 

1-21 

+0-105 

5-3 

+0-729 

8-9 

-0112 

20-21 

2 

+0-251 

7 

+0-193 

19 

-1-577 

6 

-0-169 

4 

-0-355 

22 

-0017 

6 

+0-540 

= 

+0-001 

8 

-0-376 

5 

'  +1-329 

21-24 

6 

-1-694 

22 

-0-035 

3 

+0-977 

2-21 

-0-693 

4 

+  1-168 

7 

-0-142 

4 

+0-336 

49 

+0-804 

2y  = 

+0-003 

2y  = 

+0  003 

2 

+0-434 

3 

+0-099 

1 

-0-210 

6-20 

-0-264 

9-8 

-0-103 

22-7 

-0-335 

= 

0-000 

.4 

-0-506 

22 

+0-495 

9 

-0-337 

3 

+0-128 

7 

-0-390 

8 

-2-074 

3-24 

-0-967 

5 

+0-938 

= 

+0-002 

6 

-1-730 

7 

+  1-025 

22 

+0-156 

5 

-0-172 

22 

+0-617 

8 

-0-455 

10-7 

+0-154 

3 

-0-921 

5 

-0-369 

Zv  = 

-0-003 

23 

+0-223 

6 

+0-591 

28 

-0-377 

23-26 

4 

+0-016 

7-24 

-1-633 

= 

0-000 

10 

-0-134 

2 

-1-085 

23 

+  1017 

7 

-0  047 

21 

+0-173 

10 

+0  006 

15-20 

24-49 

Sy  = 

+0-001 

9 

+0-375 

4 

+0-409 

7 

+0  091 

8 

-0-125 

3 

-0-242 

4-21 

+0-653 

22 

+0-310 

19-20 

3 

-1-427 

5 

+0-265 

6 

+0-117 

28-29 

5 

-+0-031 

3 

-0-214 

8 

-0-576 

10 

+0-305 

6 

+0-510 

Zv  = 

+0-001 

1 

+0-234 

49-21 

= 

+0-001 

2 

+  0-030 
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TABLE  OF  OBSERVED  AND  ADJUSTED  DIRECTIONS 
Ottawa — Groveton  Net 


Station  occupied 

Number 
of 

direction 

Object  observed 

Observed 
direction 
reduced  to 
sea  level 

Seconds  of 
adjusted 
direction 

1  oi 

Q  KCi  KCi  (Kf\  nn 

oy - oyo 

o 

OA   OV    Q1  AO 

Z\J  Zi   o  i  •  4o 

Q  1    AQ  1 

ol - Dol 

A 

4 

A1    QO  Q7 
Ol   oy  OO'OI 

cr    K1  C 

00  -  010 

O .  OI 
Z  •  Zi 

TT-        AT          +  • 

ooy  oy  OU'UU 

KQ  QA7 

oy - ou/ 

49 

40  10  39-81 

40-614 

3 

Bowesville  

57  26  18-97 

19-069 

1 

Pakenham  

228  45  37-24 

37-030 

OA 

QrCQ   rn  AA  AA 

ooy  oy  Du • uu 

KCk  AQQ 

oy -uoo 

7 

7A    OO   OO  OQ 

<  4  zy  zy • zo 

QA  OKK 
OU -  ZOO 

iUO  Ui  lo-40 

1 Q . AA7 
ly - U4/ 

5 

North  Gower  

134  54  52-93 

52-561 

6 

153  26  18-92 

19-511 

4 

178  31  50-89 

50  - 906 

01A   1A   c;A  t^O 

ZiO  lU  oo-oz 

00  - 4oO 

Zi 

Ot^Q  OO  AQ  AA 

zoy  zy  4y -  do 

AQ  CQQ 
4y - OOO 

A  1,+ 

4 . 01 
Zl 

QCiQ    KQ  AA.AA 

ooy  o\j  DU  uu 

AA  .  a=:q 

\J\J  UOO 

3 

Bowesville  

37  36  06-08 

04-653 

5 

71  12  52-63 

52-661 

6 

Montague  

129  57  03-17 

03  -  680 

1 

Pakenham  

OQ7   /I A   /IT  7A 
Zo/  4D  4/ - /U 

A7  QQA 

4/ -yo4 

North  (jower  

o  •  o 

Q  PiO   tiO  AA  .  A  A 

ooy  oy  ou - uu 

AA . 70Q 

DU • / zy 

7A  OQ  AA  OQ 

/D  Zo  4D - zy 

AA . AftQ 
4D - 4oO 

22 

North  Mountain  

110  33  44-91 

44-893 

8 

144  55  27-21 

26-834 

6 

Montague  

215  35  08-17 

06  -  476 

4 

0^7    1Q   AA  A7 
Zo/    lO   44 -D/ 

A^  «Qe 

40  - OOO 

Montague  

A  OA 

Qc;0    c:Q  AA  A  A 

ooy  oy  DU - uu 

c;Q  .  7QA 

oy - / oD 

A 

4 

CQ    1 Q   QA  OA 

OO  lo  ou-yu 

QA  QQA 

ou - oy4 

Q 

o 

1 AK    KO  AI . QA 
140  OZ  Ui-OD 

A1 . AR8 
Ui • 4oo 

c 

o 

1  AO   K ^  QQ . OQ 

iDz  00  oy-yy 

AA . Q08 

4u - yzo 

22 

North  Mountain  

193  22  58-39 

58-546 

8 

231  05  50-79 

50-335 

17  O/l 

7  '^4 

Q  KC\  '  KCl   A<i  AA 

ooy  oy  Dw • uu 

^Q. .  QA7 
Oo - oD / 

OQ 

Zo 

/ O    ID  Oo - / 4 

QQ  .7:^7 

Oi7      1  O  1 

1  n 

117   QA  AA  Azl 
11 <    OU  UU • D4 

AA . AAA 
UU - D4D 

y 

1 AO  QA  7Q 
lOy  UZ  OU • iO 

Q1  1 
ol • lOO 

8 

Groveton  

207  37  10-71 

10-585 

22 

North  Mountain  

235  48  41-15 

41-460 

5 

North  Gower  

271  00  30-81 

31  075 

o 

3 

Bowesville  •.  .  . 

0)14  11  Z4-4y 

OA  07A 
Z4 - Z / D 

CJrovcton  

8-9 

359  59  60  00 

59-888 

.  19 

Elizabethtown  

133  29  28-41 

26-833 

6 

Montague  

225  33  28-00 

28-540 

5 

North  Gower  

266  43  39-76 

41-089 

22 

North  Mountain  

^93  21  54-36 

54-325 

7 

314  48  42-235 

42-093 

9-8 

359  59  60-00 

59-897 

22 

North  Mountain  

48  23  06-71 

07-215 

7 

86  14  04-44 

04  050 
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TABLE  OF  OBSERVED  AND  ADJUSTED  DIRECTIONS— Co?idwded 
Ottawa — Groveton  Net 


Station  occupied 


Number 
of 

direction 


Object  observed 


Observed 
direction 
reduced  to 
sea-level 


Seconds  of 
adjusted 
direction 


Osnabruck  

Lavant  

Elizabethtown . . 

Elmsley  

King  Mountain . 

North  Mountain 


Roxboro. . 

Navan . . ,  , 

Bowesville 
Ottawa . . . 


10-7 

23 
28 

15-20 
4 

19-20 
6 


20-  21 

6 

21-  24 

3 
4 
2 

22-7 
9 
8 
6 

5 


23-  26 
23  10 

23-  7 

24-  49 

24-  7 
24-3 

28-29 
28-10 

49-21 
49-2 


Ormond  

Roxboro  

Bowesville  

Elmsley  

Ashton  

Elmsley  

Montague  

Groveton  

King  Mountain 
Montague  

Navan  

Bowesville  

Ashton  

Carp  

Ormond  

Dundela  

Groveton  

Montague  

North  Gower . . 
Bowesville  

Plantagnenet . . 

Osnabruck  

Ormond  

Ottawa  

Ormond.  

Bowesville  

Alexandria  

Osnabruck  

King  Mountain 
Carp  


o 

II 

It 

359 

59 

60 

00 

60 

154 

72 

11 

59 

72 

59 

943 

1  99 

HQ 

30 

13 

9Q 

1  oo 

oov 

OiJ 

60 

00 

60 

000 

ooo 

1 1 

J.  A 

26 

20 

60Q 

359 

59 

60 

00 

60 

000 

20 

57 

19 

65 

19 

768 

71 

54 

71 

J.OO 

359 

59 

60 

00 

60 

000 

48 

06 

34 

11 

33 

941 

OOXJ 

60 

00 

60 

000 

38 

52 

07 

86 

08 

835 

100 

18 

07 

75 

08 

084 

lis 

uu 

55 

47 

Q09 

359 

59 

60 

00 

59 

665 

22 

53 

71 

53 

373 

130 

21 

43 

68 

41 

606 

204 

50 

27 

21 

25 

480 

249 

21 

47 

29 

47 

118 

288 

54 

31 

11 

30 

189 

359 

59 

60 

00 

60 

000 

194 

53 

03 

19 

03 

056 

260 

27 

43 

94 

43 

893 

359 

59 

60 

00 

60 

000 

279 

31 

51 

66 

51 

751 

339 

13 

48 

33 

48 

088 

359 

59 

60 

00 

60 

000 

194 

05 

38 

59 

38 

895 

359 

59 

60 

00 

60 

000 

305 

06 

38 

94 

38 

972 

Accuracy  of  the  Adjustment 

Of  the  seventy-one  directions  considered  in  this  net,  thirty-seven  have 
positive  corrections  and  thirty-four  have  negative  corrections.  The  mean  of 
the  positive  corrections  is  0"-428;  the  mean  of  the  negative  corrections  is 
0''-584.  The  maximum  correction  —2" -07  to  an  observed  direction  occurs 
for  the  Une  North  Mountain  (22)  to  Groveton  (8). 

The  probable  error  of  an  observed  direction  of  weight  unity  is 

'•  =  0-6745  fj^ 

in  which  is  the  sum  of  the  squares  of  the  corrections  to  directions,  n  is  the 
number  of  observation  equations  and  q  is  the  number  of  independent  unknowns. 
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In  this  case  2^2  =  34-263  n  =  71  and  since  there  are  10  e's,  10  5<^'s,  10  5X's, 
5  =  30,  hence  r=  ±0''-626. 

The  probable  error  of  the  corrections  to  the  observed  directions  North 
Gower  to  Bowesville  and  Dundela  to  Ormond  are  given  in  table  on  page  59 
The  corrections  and  their  probable  errors  are  +  0''-729  +  0"'383  and  — 
0''-390  ±  0"-344,  respectively. 

The  probable  error  of  the  azimuth  of  the  Une  Osnabruck  to  Bowesville 
(not  included  in  table  on  page  59)  is  +  0"-414. 

TABLE  OF  TRIANGLES— Con/inwed 
Ottawa — Groveton  Net 


Station 


Station 
Number 


Angle 


Adjusted 

Observed 

Correction 

40  10  41-31 
84  55  58-30 
54  53  21  03 

39  81 
57-87 
21-06 

+  1-50 
+0-43 
-003 

0-64 
E  =  0-64 

43  18  54-40 
57  26  19-76 
79  14  47-07 

58-74 
A'r.  closure 

53-14 
18-97 
47-61 

=  +1-90 

+  1-26 
+0-79 
-0-54 

1-23 
E  =  1-23 

100  30  09-20 
38  52  08-84 
40  37  43-42 

59-72 
A'r.  closure 

10-34 
07-86 
43-18 

=  +1-51 

-1-14 
+0-98 
+0-24 

1-46 
E  =  1-45 

105  01  2001 
42  18  13-04 
32  40  28-56 

1-38 
A'r  closure. 

18-43 
13-28 
27-64 

=  +0-0S 

+  1-58 
-0-24 
+0-92 

1-61 
E  =  1-62 

154  28  30-79 
11  34  29-25 
13  57  00-82 

59-35 
A'r.  closure 

31-23 
30-17 
01-80 

=  +2-26 

-0-44 
-0-92 
-0-98 

0-86 
E  =  0-86 

37  36  04-00 
51  25  59-25 
80  57  58-93 

3-20 
A'r.  closure 

06-08 
59-89 
58-77 

=  -2-34 

-208 
-0-64 
+016 

2-18 
E  =  2-18 

102  46  14-89 
33  36  48  01 
43  36  58-35 

4-74 
A'r.  closure 

15-33 
46  ■  55 
57-96 

=  -2-56 

-0-44 
+  1-46 
+0-39 

l-25i  59-84 
E  =  1-24;  A'r.  closure 

=  +1-41 

Carp  

King  Mountain 
Ott.wa  


Bowesville  

Carp  

King  Mountain 


Bowesville  

King  Mountain 
Navan  


Bowesville  

Navan  

North  Mountain 


Bowesville  

North  Mountain 
King  Mountain . 


Ashton  

Kin^  Mountain 
Bowesville  


North  Gower 

Ashton  

Bowesville . . . 


2 
21 
49 


3 
2 
21 


3 
21 
24 


3 
24 
22 


3 
22 
21 


4 
21 

3 
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Station 


Station 
Number 


Angle 


Adjusted 

Observed 

Correction 

o        /  // 

110  33  44- 16 
29  53  33-51 
39  32  43  07 

II 

44-91 
34-50 
43-82 

II 

-0-75 
-0-99 
-0-75 

0-74 
E  =  0-75 

62  33  31-09 
92  20  59-03 
25  05  31-40 

3-23 
A'r.  closure 

30-  46 
57-09 

31-  97 

=  -2-49 

+0-63 
H-1-94 
-0-57 

1-52 
E  =  1-53 

79  37  10-53 
58  44  11-02 
41  38  39-36 

59-52 
A'r.  closure 

09-  09 

10-  54 
36-50 

=  +2-00 

+  1-44 
+0-48 
+2-86 

0-91 
E  =  0-92 

17  03  39-44 

18  31  26-95 
144  24  54-25 

56-13 
A'r.  closure 

38-63 
25  99 
51-83 

=  +4-78 

+0-81 
+0-96 
+2-42 

0-64 
E  =  0-63 

47  30  57-06 

48  25  00-46 
84  04  04-71 

56-  45 
A'r.  closure 

57-  03 
00-49 
03-90 

=  +4-19 

+0-03 
-0-03 
+0-81 

2-23 
E  =  2-22 

30  27  17-62 
105  01  21-58 
44  31  21-64 

1-42 

A'r.  closurfe 

18-40 
23-26 
20  08 

=  +0-81 

-0-78 
-1-68 
+  1-56 

0-84 
E  =  0-84 

166  37  01-19 
4  35  10-97 
8  47  48-06 

1-74 
A'r.  closure 

01-61 
12-70 
47-89 

=  -0-90 

-0-42 
-1-73 
+0-17 

0-22 
E  =  0-22 

78  22  42-82 
71  05  29-48 
30  31  48-79 

2  20 
A'r.  closure 

43-34 
28-89 
49-20 

=  -1-98 

-0-52 
+0-59 
-0-41 

1-09 
E  =  110 

35  11  49-62 
110  38  12-55 
34  09  58-41 

1-43 
A'r.  closure 

49-66 
12-71 
58-62 

=  -0-34 

-004 
-0-16 
-0-21 

0-58 
E  =  0-57 

0-99 
A'r.  closure 

=  -0-41 

North  Gower.  .  . 

Bowesville  

North  Mountain 

Montague  

Ashton  

Bowesville  


Montague. .  . 

Ashton  

North  Gower 


Montague . , . 
Bowesville . . . 
North  Gower 


Montague  

Bowesville  

North  Mountain 

Montague  

North  Gower . . . 
North  Mountain 


Montague  

North  Mountain 
Elmsley  


Ormond  

North  Mountain 
Bowesville  


Ormond  

North  Mountain 
North  Gower . .  . 


57105—5 


5 
3 
22 


6 
3 
22 


6 
5 
22 


6 
22 
20 


7 
22 
3 


7 
22 

5 
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TABLE  OF  TRIANGLES— Confinwed 
Ottawa — Groveton  Net 


Station 


Station 
Number 


Angle 


Adjusted 

Observed 

Correction 

o        /  // 

// 

// 

7 

124  11  16 

91 

18-85 

-1-94 

38  25  00 

92 

ni  OA 
Ul  •  Jo 

A  OA 

—  O'o4 

OA 

17  40 

OA 

oO 

A'X  QQ 

A  AA 

— u-uy 

1 

13 

3-50 

E  =  1 

13 

A'r.  closure 

O  Ol 

=  —  Z-61 

7 

43  10  53 

20 

53-68 

-0-48 

O 

76  23  45 

75 

AA .  OQ 

10  -  ^y 

A  V^A 
—  U  -  04 

q 
O 

An  OK  OO 
OU  Zo  ZA 

ol 

OQ  .  7n 

1  QQ 

—  1  -  oy 

1 

26 

3-67 

E  =  1 

28 

A'r.  closuife 

  O   /I  1 

=  — z-41 

7 

45  48  34 

09 

35-51 

-1-42 

Q 
O 

74  29  31 

22 

OQ  OQ 

zy  •  Zo 

1   1  AQ 

+  1  -  yy 

OA 

oy  41  OO 

o4 

t^A  A7 
OO'D/ 

A  QQ 

—  U-oo 

1 

65 

1-41 

E  =  1 

65 

A  r.  closure 

  1  A  OA 

7 

75  16  41 

39 

38-74 

+2-65 

OA 

50  43  08 

70 

QC  A1 
Uo  *  01 

1  A  AO 

rA    (\c\    1  o 

04  UU  VZ 

OQ 

1  O  OA 
xZ  -  Z^ 

1  A  C\A 

2 

37 

59-59 

E  =  2 

37 

A'r.  closure 

 LO  TO 

=  -\-Z  •  iQ 

7 

160  32  01 

70 

02-41 

-0-71 

6  29  08 

94 

nc  QQ 

Uo  -  yy 

A  fiK 

— u-uo 

1  O     CO  A(\ 

\Z  58  49 

75 

4y  -41 

1   A  OA 

+0-34 

0 

39 

0-81 

T?  A 
Hj    =  U 

40 

A'r.  closure 

A    /<  O 

=  —  U  -4Z 

8 

41  10  12 

55 

11-76 

+0-79 

6 

68  10  09 

41 

10-80 

—  1-  39 

5 

70  39  39 

64 

40-96 

-1-32 

1 

60 

3-52 

E  =  1 

CA 

59 

A'r.  closure 

=  —  1  •  92 

8 

67  48  25 

79 

26-36 

—0-57 

6 

37  42  51 

79 

52-40 

—0-61 

22 

74  28  43 

87 

43-53 

+0-34 

1 

45 

2-29 

E  =  1 

44 

A'r.  closure 

=  —0-84 

8 

26  38  13 

24 

14-60 

-1-36 

5 

34  25  41 

94 

42-30 

-0-36 

22 

119  00  05 

51 

03-61 

+  1-90 

0 

69 

0-51 

E  =  0 

69 

A'r.  closure 

=  +0-18 

8 

48  05  01 

00 

02-48 

-1-48 

5 

68  35  40 

35 

40-92 

-0-57 

7 

63  23  20 

49 

20-10 

+0-39 

1 

84 

3-50 

E  =  1 

84 

A'r.  closure 

=  -1-66 

Ormond  

North  Mountain 
Navan  


Ormond  

North  Gower 
Bowesville . . . 


Ormond . . . 
Bowesville 
Navan . . . . 


Ormond , 
Navan . . 
Roxboro 


Ormond  

Roxboro  

North  Mountain 


Groveton  

Montague. .  . 
North  Gower 


Groveton  

Montague  

North  Mountain 


Groveton  

North  Gower. . . 
North  Mountain 


Groveton  

North  Gower 
Ormond  
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Station 


Station 
Number 


Angle 


Adjusted 


Observed  Correction 


Groveton  

North  Mountain 
Ormond  


Groveton  

Elizabethtown .  . 
North  Mountain 


Dundela  

Groveton   . 

North  Mountain 


Dundela. 
Groveton 
Ormond . , 


Dundela  

North  Mountain 
Ormond  


Osnabruck 
Ormond. . . 
Roxboro . . 


Osnabruck 
Roxboro . . 
Bowesville 


8 
22 
7 


8 
19 
22 


9 
8 
22 


9 
22 
7 


10 
7 

23 


10 

23 
28 


21  26  47-77 
130  21  41-94 
28  11  30-88 


47-88 
43-68 
30-44 


-0-11 
-1-74 
+0-44 


E 


0-59 
0-58 


159  52  27-49 
8  54  03-09 
11  13  29-85 


200 
A'r.  closure 

25-95 
03-67 
27-78 


-1-41 

+  1-54 
-0-58 
+2-07 


E  = 


0-43 
0-44 


48  23  07-31 
66  38  05-56 
64  58  48-23 


57-40 
A'r.  closure 

06-71 
05-64 
49-97 


=  +303 

+0-60 
-008 
-1-74 


E  = 


86  14  04-15 
45  11  17-80 
48  34  39-43 


2-32 
A'r.  closure 

04-44 
17-77 
39-93 


=  -1-22 

-0-29 
+0  03 
-0-50 


E 


1-38 
1-38 


37  50  56-84 
65  22  53-71 
76  46  10-31 


2-14 
A'r.  closure 

57-73 
53-71 
10-37 


-0-76 

-0-89 
000 
-0-06 


0-86 
E  =  0-86 

72  11  59-79 
42  13  20-89 
65  34  40-84 


1-81 
A'r.  closure 

59-72 
21-90 
40-75 


=  -0-95 

+0-07 
-101 
+0-09 


1-52 
E  =  1-52 

49  57  29-81 
62  11  52-24 
67  50  38-80 


2-37 
A'r.  closure 

30-41 
52-37 
39-11 


=  -0-85 

-0-60 
-013 
-0-31 


E  = 


0-85 
0-85 


1-89 
A'r.  closure 


=  -104 


Concluding  Remarks 

The  correction  to  each  observed  angle  is  the  algebraic  difference  of  the 
corrections  to  two  directions.  In  the  above  table  are  shown  for  every  triangle 
in  the  Ottawa-Groveton  net  the  adjusted  spherical  angles,  the  observed  angles, 
the  corrections  to  the  observed  angles,  the  spherical  excess  and  the  triangular 
closure.    The  plus  sign  prefixed  to  the  triangular  closure  indicates  that  the 

57105— 5i 


68 


Geodetic  Survey  of  Canada 


sum  of  the  observed  angles  is  less  than  180°  +  spherical  excess  of  the  triangle. 
The  negative  sign  has,  of  course,  the  opposite  meaning,  that  is,  the  sum  of  the 
three  observed  angles  is  more  than  180°  +  spherical  excess.  Two  values  of 
the  spherical  excess  are  given,  the  first  being  obtained  from  the  adjusted  angles 
and  the  second  from  the  adjusted  azimuths.  SUght  discrepancies  between 
these  two  values  occur  due  to  the  rejection  of  the  third  decimal  place,  the 
maximum  discrepancy  amounting  to  0''-02  in  the  triangle  Ormond-North 
Gower-Bowesville.  If  the  spherical  excess  of  any  triangle  is  required  to  three 
decimal  places  its  value  may  be  readily  obtained  from  the  column  seconds  of 
adjusted  direction  in  the  table  on  page  63. 

The  maximum  correction  2'' -86  to  any  angle  is  to  the  angle  at  North 
Gower  between  Montague  and  Ashton. 

The  average  closing  error  of  these  thirty-two  triangles  is  r'-63.  Of  the 
thirty-two  triangular  closures  thirteen  are  positive  and  nineteen  negative. 
The  mean  of  the  positive  closures  is  l''-94,  the  mean  of  the  negative  closures 
is  I"  ■  36.  The  maximum  closing  error  +  ^"  •  78  occurs  in  the  triangle  Montague- 
Ashton-North  Gower. 

In  the  following  table  are  given  for  two  lines  the  logarithm  of  the  final 
distance,  the  distance  in  metres,  the  probable  error  of  the  distance  and  the 
probable  error  expressed  as  a  ratio.  The  probable  errors  are  those  given  in 
the  table  of  evaluation  of  the  unknowns  on  page  59,  and  result  from  a  con- 
sideration of  the  accidental  errors  only.  The  positions  of  the  stations  and  the 
distances  of  the  connecting  lines  of  the  Dusable-Haldimand  net  which  serve 
as  a  control  for  the  Ottawa-Groveton  net  are  considered  as  being  without  error 


Line 

Logarithm 
of 

Distance 

Distance 

in 
Metres 

Probabl 
of 

distance 

e  Error 

expressed  as  a 
ratio 

Pakenham  to  Carp  

North  Gower  to  Ormond  

4-4335751 
4-4069330 

27137-83 
25523-09 

0-17 
0-05 

1 • 159600 
1-510500 

The  probable  errors  of  the  final  adjusted  position  of  Bowes ville  and  Dundela 
are  as  indicated  in  the  following  table.  Station  Bowesville  was  selected  for 
this  computation  because  it  is  directly  connected  with  more  fixed  stations  than 
any  other  station  with  the  exception  of  Ormond  and,  in  addition,  is  more  strongly 
connected  with  the  remaining  stations  than  any  other.  Its  accuracy  of  position 
as  indicated  by  the  probable  errors  will  then  most  nearly  represent  the  highest 
attainable  accuracy  in  this  net.  Station  Dundela  was  selected  because  it  lies 
outside  of  the  controlled  area  and  is,  relative  to  the  inner  points,  poorly 
connected.  Its  probable  error  will  therefore  represent  the  lowest  degree  of 
accuracy  attained.  These  values,  of  course,  assume  that  no  error  arises  from 
basing  the  adjustment  on  the  Dusable-Haldimand  net;  or,  in  other  words,  that 
the  positions  and  distances  of  basic  points  and  lines  are  without  error. 


Probable  error  in  seconds 

Probable  error  in  inches 

X 

4> 

X 

0  001 
0  002 

0  001 
0-004 

1-  2 

2-  4 

0-8 
3-4 
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IV 


SCOTCH  BONNET  NET 

Introductory  Remarks 

This  net,  see  page  73  for  map,  called  the  Scotch  Bonnet  net  on  account  of 
the  great  prominence  of  one  of  its  stations,  a  lighthouse  called  Scotch  Bonnet 
situated  in  lake  Ontario,  comprises  that  part  of  Ontario  known  as  Prince 
Edward  county,  one  of  the  oldest  settled  portions  of  Canada. 

Comprising  six  points,  which  are  dependent  upon  the  primary  points 
Murray,  Hallowell,  and  Tyendinaga  of  the  Dusable-Haldimand  net,  and 
covering  territory  which  is  limited  in  extent  by  the  water,  it  therefore  takes 
upon  itself  a  secondary  character. 

As  such,  it  establishes  such  points  as  Presqu'ile  lighthouse  and  Scotch 
Bonnet  lighthouse,  etc.,  which  are  prominent  and  essential  signals  for  navigation. 
At  the  same  time  it  will  serve  as  a  basis  for  tertiary  surveys  which  "will  be  made 
to  define  the  important  shore  line  of  the  county  of  Prince  Edward. 


Nature  of  Adjustment 

The  conditional  adjustment  was  employed.  The  straight  Gaussian  method 
of  elimination  was  employed,  though  as  stated  on  page  10  a  combination  of  the 
Doolittle  method  of  evaluation  and  the  point-to-point  arrangement  of  the 
conditional  equations,  will  be  used  in  the  future. 


The  Conditions 
These  were  fourteen  in  number,  and  are  as  follows: — 

CONDITION  EQUATIONS 

-  2-86r;i  -  9-10^2  -  5'2Sv6  +  3-77^7  +  l-^Qv9  -  0-66z;i4  +  2-73i'i5  -  2-07vn  +  ll-96r32  + 

16-4  =  0 

+  l-SOfi  -  4-03i'2  +  2-2Svz  +  4- 18^7  +  0-82     +  3-00i'i4  -  2-57t'i5  -  0-43ri6  +  6-30^28  +  6-99 
V29  +  42-1  =0 

-  4-43^6  +  8 -201-6  -  3-77^7  -  3-55yio  +  l-67yii  +  l-88i'i2  +  1-I2i'i3  +  0-Qovu  -  l-77i'i7  + 

170  =  0 

-  2-28i'6  +  3-70^8  +  0-52^22  +  2- 681-23  -  3  •151^24  -  5-22t'25  +  5 -29^26  -  0-07^27  +  4-34f3o  - 

l-39i'3i  -  18-1  =  0  0 
+  2-35r6  -  3-77V7  +  0'Q5vu  +  l-04yi6  -  l-69t'i7  -  6-21v29  +  3-26«'3  -  20-1  =  0 

-  3-03^1  -  1-62^3  +  4-65^4  +  4-76y9  -  2-03y28  +  3-20  =  0 

Vl  —  V3  +  Vt  —  V9  —  Vu  +  ^16    +  ^^28  "  ^29  "  0-530    =  0 

f 6  —  v?  4-  Vn  —  Vvi  —  Vi3  +  Vu  +  7-096  =  0 

f6  —  f  6  4-  f  10  —  Vl2  +  V20  —  V21  —  1'  330    =  0 

Ve  —  vs  -i-  t'i9  —  1^20  —  V22  +  V25  +  0-460  =  0 

t^l8  —  ^19  +  ^^22  —  ^24  —  V2&  +  ^26  "  4-840    =  0 

-  V2  +  vs  +  vi  —  Vu  +  Vis  —  V2S  —  5-290  =  0 

-  Vi  -\-  V2  +  V9  —  V16  -j-  Via  —  V29  +  2-280  =  0 

^8  —  V23  +  f24  —  ^26  +  V27  —  V31  +  13-216    =  0 
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Accuracy  of  the  Adjustment 

The  accuracy  of  the  adjustment  of  nets  is  generally  inferred  from  an 
examination  of — 

(1)  the  sum  of  z;'s  about  a  point,  which  does  not  include  a  fixed  direction. 

(2)  the  equivalence  of  M  and  —  [kl]  where  fc  is  a  correlate  and  I  the 
absolute  term  of  a  conditional  equation. 

(3)  the  absolute  term  of  the  normal  equations  as  observed  and  as 
determined  by  a  substitution  in  the  said  normal  equations  of  the 
values  of  the  correlates.   This  gives  what  is  known  as  the  0 — C  test. 

In  our  case  we  have — 


Point 

Sum  of  y's 

Sidney  

-•0001 

+  •0001 

•0000  ■ 

Ameliasburg  (S)  

+  •0001 

West  Point  

+  •0001 

Point  Petre  

•0000 

This  condition  (1)  while  a  little  difficult  to  prove  as  holding  true  from  the 
viewpoint  of  a  conditional  adjustment,  is  readily  obtained  from  the  co-ordinate 
adjustment  theory  (see  page  18)  where  (az;)=0  for  a  system  of  observational 
equations  and  where  {v)  =  0  is  a  particular  case  if  such  observation  equations 
have  in  them  an  unknown  whose  coefficient  is  unity,  as  is  the  case  when  the 
observations  are  made  at  a  point  where  no  fixed  azimuth  line  already  exists. 

The  second  test  (2)  resulted  as  follows : — 

H=  84 -1309 
-[W]  =84- 1328 

while  the  third  test  (3)  may  be  shown  by  the  following  table: — 


ABSOLUTE  TERMS 


Observed 

Evaluated 

-16^4 

-16-400 

-42  •! 

-42-100 

-17-0 

-17-000 

18^1 

18-099 

20^1 

20-096 

-  3^2 

-  3-199 

5-3 

5-295 

-  7-096 

-  7-097 

1-330 

1-330 

-  0-460 

-  0-460 

4-840 

4-841 

5-290 

5-291 

-  2-280 

-  2-279 

-13^216 

-13-217 
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Precisions 

No  precisions  were  determined  in  this  net  outside  of  that  of  the  probable 
error  of  an  observation,  viz: — 

(y^X*  /84-1309\* 

=  1''  •  653  where  a  is  the  number  of  conditions 

in  the  net. 

It  is  felt  that  if  other  precisions  are  needed  they  can  be  determined  sub- 
sequently by  attaching  a  function,  expressing  the  reciprocal  of  weight  of  such 
function,  to  the  end  of  the  correlate  equations. 

Tabulated  Final  Results 

The  tabulated  results  which  are  given  on  page  165  are  all  determined  on 
the  North  American  Datum.  See  page  11  for  fuller  information  re  such 
datum. 
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V 

COTEAU  BASE  NET 

Introduction 

This  geodetic  net  was  first  solved  in  1911,  the  observing  and  base  measure- 
ment having  been  completed  in  1909. 

The  intention  at  that  time  was  to  base  the  geographic  co-ordinates  in  this 
country  on  a  Canadian  datum,  the  initial  value  of  which  was  to  be  based  on  an 
observed  latitude  (45°  30'  36.990'0  at  Vankleek  Hill,  an  observed  azimuth 
Vankleek  Hill  to  Rigaud  (102°  38'  10.84'0  and  the  longitude  of  Royal  (73°  35' 
25.197")  as  determined  from  the  United  States  geodetic  results.  Hence  no 
complications  which  later  arose — of  basing  Canadian  results  on  the  North 
American  datum — affected  the  selection  of  a  net  for  adjustment.  Accordingly 
the  Coteau  Base  net,  the  plan  of  which  appears  on  page  111  was  selected  as  the 
first  net  to  be  adjusted. 

This  net  is  of  primary  accuracy,  but  the  importance  of  any  discussion 
regarding  it  is  more  of  historic  value,  as  showing  certain  methods  of  adjustment 
which  were  used,  rather  than  otherwise,  as  its  results  have  been  superseded  by 
those  of  a  larger  net  Dusable-Haldimand.  This  latter  net  was  selected  when  it 
was  decided  in  1913  to  base  Canadian  co-ordinates  on  the  North  American 
datum,  a  description  of  which  appears  on  page  11. 

This  description  of  the  Coteau  Base  net  describes  methods  some  of  which 
have  been  discarded. 


Preliminary  Corrections  to  Observed  Directions 

All  observed  directions  were  first  corrected  for  the  altitude  of  the  station 
observed  on  and  were  reduced  to  the  direction  of  the  geodetic  line.  As  explained 
on  page  8  this  practice  has  been  discontinued  except  for  stations  mth  very  high 
altitudes.  These  corrected  directions  will  be  found  on  page  107  under  the  heading 
of    Observed  Directions." 

Spherical  Excesses 

The  spherical  excesses  were  computed  by  means  of  the  formula, — 

e  =  m  a  6  sin  C 
1 

where  m  =   

2  RN  sin  I" 

For  computing  the  spherical  excesses  a  prehminary  computation  of  the 
lengths  of  the  triangle  sides  was  made  b}^  adding  or  subtracting  one-third  of  the 
difference  of  the  sum  of  the  three  angles  of  the  triangle  from  180°,  from  each 
angle,  and  using  plane  triangle  formulae. 
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They  are  as  follows : — 

SPHERICAL  EXCESSES 
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Triangle 


Excess 


Rigaud-Huntingdon-Royal  

Rigaud-Royal-Covey  Hill  

Rigaud-Covey-Huntingdon  

Riagud-Newton-Huntingdon  

Covey  Hill-E.  Base-Huntingdon. 
Covey  Hill-W.  Base-Huntingdon 
Covey  Hill-W.  Base-Rigaud. .  .  . 

Covey  Hill-E.  Base-Royal  

Covey  Hill-Huntingdon-Royal. . 

Rigaud-W.  Base-E.  Base  

Newton-E.  Base-Huntingdon. .  . 
Huntingdon -W.  Base-E.  Base. . . 
Newton-Huntingdon-E.  Base. .  . 

E.  Base-W.  Base-Newton  

E.  Base-Newton-Rigaud  


•6436 
•4030 
•5717 
•0543 
096 
225 
•841 
644 
329 

0-  602 

1-  047 

0-  497 

1-  047 
0-539 
0-612 


Condition  Equations 

The  first  solution  of  this  net  was  by  the  angle  method,  but  later  this  method 
was  superseded  in  this  survey  by  solution  by  the  direction  method  (see 
page  111  for  the  plans  which  show  the  numbering  of  angles  and  directions 
n  these  two  methods) . 

In  order  that  the  two  methods  may  be  compared,  a  summary  of  the  con' 
dition  equations  (side  and  angle)  by  the  two  methods  is  shown. 

The  ratio  of  the  number  of  side  equations  to  the  number  of  angle  equations 
may  be  commented  on.  In  the  solution  of  an  ordinary  quadrilateral  it  is  usual 
to  pick  out  one  side  equation  and  three  angle  equations;  in  a  four-sided  figure 
with  a  central  point  the  ratio  is  1  to  4;  in  a  pentagonal  central  point  figure  the 
ratio  is  1  to  5,  etc.  In  this  base  net  the  ratio  is  seen  to  be  7  to  12,  which  indicates 
an  entanglement  of  lines  which  augurs  strong  adjusted  values  of  the  directions. 
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CONDITION  EQUATIONS 
Angle  Adjustment 

1.  0  =  -  16-64  V,  +  3-58  Vt  +  3-58     -  0-08     -  0-08  v,  +  7-58  Vio  -  6-49  V29 

+  7-08^30  -  36-90 

2.  0  =  -  5-70  vi  +  8-02  Vz  -  2-73  ^9  +  7-58  Vio  -  6-49  V29  +  0-61  V30  +  0-61  V31  +  8-70 

3.  0  =  +  7-98  V6  -  7-49     ~  1-50  vg  -  1-50     -  4-71  t-io  -  4-71  Vu  +  -044  ^13 

+  2-59      +  6-00 

4.  0  =  -  3-21      +  3-37  t;n  -  1-13  vn  +  2-15  Vis  +  3-30  1^25  +  0-76      +  2-48  V27 

-  10-66  V2S  -  4-20 

5.  0  =  +  5-70     -  1-98  t;2  -  1-98  t;3  +  1-08  t;4  +  1-08  V6  -  3-58  V6  -  3-58     -  0-08 

-  0-08^9  -  3-15^10  -  3-15^11  -  3-15^12  +  2-51  +  2-51  ^25  -  0-75^26  +  0-79  V2^ 
+  0-79      +  0-79       -  0-61  «;3o  -  0-61  vai  +  2-90 

6.  0  =  +  3-01  Vi  +  3-01  ^2  -  3-36  ^3  +  1-44  t;4  -  2-73  t;5  -  2-73  1^6  -  2-73  1^7 

+  1-49     -  1-58  v,  -  1-58  Vio  +  3.06      +  3-06  yjo  -  1-35  ^31  +  2-60 

7.  0  =  +  2-49  t;i6  -  1-13  ViT  +  1-85  t;2i  -  3-68  t;22  +  2-54  ^25  -  0-76  V2«  +  2-48  t;27 

-  3-78  t;28  -  3-78  ^29  -  6-20 

8.  0  =      +  V2  H-  ^3  +  t>4  +  V6  +  f e  +      -h      +      +  «^io  +  ^29  +  ^^30  +  ^31  +  0-285 

9.  0  =  fe  +      +  1^8  +  v»  +  t^io  +  Vii  +  t^i3  +  1^18  +  t;i9  +  ^20  +  0-416 

10.  0  =  fi6  +  vn  +  V2\  ■^-  t;22  +  v-ih  +  V26  +  V27  +  ^28  +  «^29  —  1-091 

11.  0  =  Vio  +  vii  +  Vij  +  t;i7  H-  Vis  +  ^24  +  ^26  +  0-533 

12.  0    =         +        +  ^20  +  Vtx  +  !;28  +  ^29  +  t^30  —  0-341 

13.  0  =  V\  -\-  Vi  —  Vf,  —  Vi>  —  vt  —      -\-      —  0-572 

14.  0    =    Vg  +  ^4  —        —  Vio  —  V29  —  «^30  +  0-181 

15.  0   =  Via  +        +        +        +  + 

16.  0    =    Vx<i  -V  ^20  +  t;21  +  +  f23 

17.  0    =    ^16  —  ^22  —  ^25  +  ^28  +  ^29  +  0*207 

18.  0  =  vt  ^      ^      -  vx%  -  V20  +  0-603 

19.  0  =  Ve  —  Vio  —  Vn  +  Vn  —  V19  +  0-429 

20.  0  =  V2  +  vs  +     +  V,  -\-  Vu  -  0-484 

21.  0  =  V27  +  V2t  —  Vn  —  V21  +  0-160 


Direction  Method 

1.  0  =  -  16-64  (5)  +  20-22  (6)  -  3-58  (7C)  -  0-08  (8)  +  7-66  (10)  -  7-58  (11) 

-  6-49  (29)  +  13-57  (30)  -  7-08  (31)  -  36-90 

2.  0  =  -  5-70  (1)  +  13-72  (2)  -  8-02  (3)  -  2-73  (9)  +  10-31  (10)  -  7-58  (11) 

-  6-49  (29)  +  7-10  (30)  -  0-61  (31R)  +  8-70 

3.  0  =  +  7-98  (6)  -  15-47  (7)  +  7-49  (7C)  -  1-50  (8)  -  3-21  (10)  +  4-71  (12) 

-  2-15  (13)  -  0-44  (14)  +  2-59  (18)  +  6-00 

4.  0  =  -  3-21  (10)  -f  6-58  (11)  -  3-37  (12)  -  2-15  (13)  -  1-13  (17) 

+  3-28  (18)  +  3-30  (25)  -  2-54  (26)  -  0-76  (26N)  +  2-48  (27) 

-  13-14  (28)  +  10-66  (29)  -  4-20 

5.  0  =  +  5-70  (1)  -  7-68  (2)  +  1-98  (3M)  +  1-08  (4)  -  4-66  (6)  +  3-58  (7C) 

-  0-08  (8)  -  3-07  (10)  +  3-15  (12H)  +  2-51  (24)  -  3-26  (26)  +  0-75  (26N) 
+  0-79  (27)  -  1-40  (30)  +  0-61  (31R)  +  2-90 

6.  0  =  +  2-49  (16)  -  3-62  (17)  +  1-13  (18)  +  1-85  (21)  -  5-53  (22)  +  3-68  (23) 

+  2-54  (25)  -  3-30  (26)  +  0-76  (26N)  +  2-48  (27)  -  6-26  (28)  +  3-78  (30) 

-  6-20 

7.  0  =  +  3-01  (1)  -  6-37  (3)  +  3-36  (3M)  +  1-44  (4)  -  4-17  (5)  +  2-73  (7C) 

+  1-49  (8)  -  3-07  (9)  +  1-58  (11)  +  3-06  (29)  -  4-41  (31)  +  1-35  (31R) 
+  2-60 

8.  0  =  (1)  -  (3M)  +  (4)  -  (7C)  +  (8)  -  (11)  +  (29)  -  (31R)  +0-285 

9.  0  =  (6)  -  (7C)  +  (8)  -  (12)  -  (14)  +  (18)  +  (19)  -  (21)  +  0-416 

10.  0  =  (16)  -  (18)  +  (21)  -  (23)  +  (25)  -  (26N)  +  (27)  -  (30)  -  1-091 

11.  0  =  (1)  -  (3)  -  (5)  +  (7C)  -  (8)  +  (9)  +  (31)  -  (31R)  -  0-572 

12.  0  =  (3)  -  (3M)  +  (4)  -  (5)  -  (9)  +  (11)  -  (29)  +  (31)  +0-181 

13.  0  =  (16)  -  (17)  -  (22)  +  (23)  -  (25)  +  (26)  +  (28)  -  (30)  +  0-207 

14.  0  =  (7)  -  (7C)  +  (8)  -  (10)  +  (13)  -  (18)  -  (20)  +  (21)  +  0-603 

15.  0  =  (6)  -  (7)  -  (10)  +  (12)  +  (13)  -  (14)  -  (19)  +  (20)  +  0-429 

16.  0  =  -  (17)  +  (18)  -  (21)  +  (22)  +  (26)  -  (26N)  +  (27)  -  (28)  +  0-160 

17.  0  =  (10)  -  (12H)  -  (13)  +  (17)  +  (24)  -  (26)  +  0-533 

18.  0  =  (5)  -  (7)  +  (20)  -  (22)  +  (28)  -  (31)  -  0-341 

19.  0  =  (2)  -  (3M)  +  (4)  -  (6)  +  (14)  -  (15)  -  0-484 
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It  will  be  noticed  that  the  side  and  angle  equations  were  picked  out  according 
to  the  plan  given  in  Johnson's  Surveying,  as  shown  on  page  9.  This  plan, 
while  giving  ideally  the  best  results,  will  not  be  continued  in  th;e  future,  on 
account  of  the  extra  labour  involved,  the  increase  in  accuracy  being  small. 

The  order  of  arrangement  of  the  condition  equations  is  such  that  the  sum 
of  the  squares  of  the  coefficients  of  the  equations  are  in  decreasing  order  of 
magnitude  from  first  to  last.  This  is  equivalent  to  saying  that,  in  the  normal 
equations,  the  diagonal  coefficients  decrease  in  magnitude  from  left  to  right. 
This  method  of  arrangement  is  not  used  at  present  as  it  entails  a  larger  amount 
of  work  than  the  slight  gain  in  accuracy  warranted.  See  page  10  for  a  discussion 
of  the  order  of  arrangement  of  condition  equations. 
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CORRELATE  EQUATIONS  AND  EQUATIONS 
The  correlate  equations  for  the  direction 


Ki 

K, 

Kt 

Kt 

Kt 

Ki 

Kn 

Kl2 

-  5-70 
+13-72 

-  8-02 

+  5-70 
-  7-68 

+  3-01 

+1 

+1 

-  6-37 
+  3-36 
+  1-44 

-  4-17 

—  1 

+1 
—  1 
+  1 

+  1-98 
+  1-08 

-'4-66 

_1 
+1 

-16-64 
+20-22 

> 

'  +  '7-98 
-15-47 
+  7-49 
-  1-50 

■■■+l" 

-1 

-  3-58 

-  0-08 

+  3-58 
-  0-08 

+  2-73 
+  1-49 
-  3-07 

_1 

+1 

-1 
+1 

+1 
-1 
+1 

-  2-73 
+10-31 

-  7-58 

_  J 

+  7-66 
-  7-58 

-  3-21 

-  3-21 
+  6-58 

-  3-37 

-  3-07 

+  1-58 

-1 

+1 

+  4-71 

-1 

+  3-15 

-  2-15 

-  0-44 

-  215 

-1 

+  2-49 
-  3-62 
+  1-13 

+1 

-  M3 
+  3-28 

+  2-59 

+1 
+1 

-1 

1      1  Qg 

-r  1 -oo 
-  5-53 
+  3-68 

—  1 

+1 

+  2-51 

+  3-30 

-  2-54 

-  0-76 
+  2-48 
-13-14 
+10-66 

+  2-54 

-  3-30 
+  0-76 
+  2-48 

-  6-26 

+1 

-  3-26 
+  0-75 
+  0-79 

-1 
+1 

-  6-49 
+13-57 

-  7-08 

-  6-49 
+  7-10 

-  o-ei 

+  3-06 

+1 

-1 

-  1-40 

■+'6-6i 

+  3-78 

-  4-41 
+  1-35 

+1 
-1 

+  1 

-1 

(1) 

(2) 

(3) 

(3M) 

(4) 

(5) 

(6) 

(7) 

(7C) 

(8) 

(9) 

(10) 

(11) 

(12) 

(12H) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(26N) 

(27) 

(28) 

(29) 

(30) 

(31) 

(31R) 
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FOR  THE  PROBABLE  ERROR  OF  SIDES 
method  of  solution  are  shown  below: — 
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Al3 

A 14 

A 16 

Alj 

A 17 

Al8 

Side  1 

Side  2 

Dlue  0 

OlCie 

oiae  0 

4_l 

  1 .98 

  1 .98 

-1 

+  1-98 
+  1-08 

+  1-98 

+1 

+  1 
-1 

 2 

  4-66 

  3.58 

-1 
+  1 

_|_  3.53 
-  0-08 

_j_  3 .58 
-  0-08 

-4-    ^  .  "iS 



 J 

4_1 

  3-13 

  3.13 

-  3-15 

+  1 

+  6-Zl 

+  6-21 

-t  3-21 

-1 

+  3-15 

4-1 
_1 

_|_  1 .35 
  1-35 

 J 

4-0-75 

  n.'jK 

—  V'  10 

_j_  Q. 25 
—  0'15 

-1 

+  2-48 
-  2-48 

 J 

4_i 

  n.fii 

 2 

 J 

+1 

-  0-46 

  0-46 

-1 
+1 

+1 

-1 
+  1 

+  0-42 

+  0-46 

+  0-46 

+  0-46 

+  0-42 

-1 
+1 

-  0-42 

-  0-42 

+  1 

-1 
+1 

-  2-54 
+  2-54 

+  1 
-1 
+  1 
-1 

-1 

+  2-54 

-  0-79 

+1 

+1 

-1 

+  0-79 

-  0-61 

-1 

+  0-61 

t 
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FOKMATION  OF  EQUATION  FOR  RECIPROCAL  OF  WEIGHTS 

It  will  be  seen  that  the  equations  for  finding  the  reciprocal  of  weights  and 
hence  the  probable  error  of  the  lengths  of  the  exterior  sides  of  the  figure  are 
placed  in  vertical  columns  at  the  right  hand  side  of  the  correlate  equations. 
The  method  of  forming  such  equations  and  the  method  of  computing  the  probable 
errors  of  the  sides  is  shown  below. 


FORMATION  OF  EQUATIONS  FOR  WEIGHTS  OF  EXTERIOR  SIDES 
Side  1  =  Newton  —  Rigaud 
sin  (21-23)  sin  (16-17) 

^1 


sin  (25-26)  sin  (27-30) 


+ Angle 

21  -  23 
16  -  17 


CD.' 

78°  36' 18 -82"   0-42 

40°  17' 30 -45"   2-48 


Angle 


CD. 


25  -  26  =  39°  37' 40-35"   2-54 

27  -  30  =  69"  26'  27-59"   0-79 


d  log  ^1  =      2-48  (16)  -  2-48  (17)  +  0-42  (21)  -  0-42  (23)  -  2-54  (25) 
+  2-54  (26)  -  0-79  (27)  +  0-79  (30) 


Side  2  =  Rigaud  —  Royal 
sin  (19-21)  sin  (8-10)  sin  (4-6)     sin  (15-16) 


^2=6 


sin  (10-12)  sin  (6-7C)  sin  (2-3M)  sin  (30-31R) 


+ Angle 
19  -  21 
8-10 
4-6 
15  -  16 


CD.^ 

102°  17' 10-40"   -0-46 

92°  15' 22 -55"   -0  08 

62°  49' 45 -87"   1-08 

85°  49' 35-10".......  0-15 


-Angle  CD.* 

10-12    =  33°  15' 17-28"   3-21 

6  -   7C  =  30°  29' 06-45"   3-58 

2-   3M=  46°  46' 41-84"   1-98 

30  -  31R  =  73°  54' 06-38"   0-61 


:.d\ogS2  =  -  1-98  (2)  +  1-98  (3M)  +  1-08  (4)  -  4-66  (6)  +  3-58  (7C) 
-0-08(8)  -3-13(10)  +  3-21  (12)  4- 0-15  (15)  -  0-15  (16) 
-  0-46  (19)  +  0-46  (21)    -  0-61  (30)  +  0-61  (31R) 


Side  3  =  Royal  —  Covey 
sin  (19-21)  sin  (8-10)  sin  (14-15) 


sin  (10-12)  sin  (6-7C)  sin  (  2-3M) 


+Angle  CD.* 

19  -  21  =  102°  17'  10-40"   -0-46 

8  -  10  =    92°  15'  22-55"   -0-08 

14-15=    70°  23' 47-44"   0-75 


—  Angle 
10  -  12 
6  -  7C 
2  -  3M 


CD.* 

33°  15' 17-28"   3-21 

30°  29' 06 -45"   3-58 

46°  46'  41-84"   1-98 


:.d\oz  Sz 


-  1-98  (2)  +  1-98  (3M)  -  3-58  (6)    +  3-58  (7C)  -  0-08  (8) 

-  3-13  (10)  +  0-75  (14)  -  0-75  (15)  -  0-46  (19)  +  0-46  (21) 
+  3-21  (12) 


*In  units  of  6th  decimal  place. 
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Side  4  =  Covey  —  Huntingdon 
sin  (19-21)  sin  (13-14) 
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Si  =  h 


+ Angle 
19  -  21  =  102°  17'  10  -40". 
13  -  14  =   57°  15' 33-89". 


sin  (10-12)  sin  (6-7C) 
CD.*  -Angle 


0-  46 

1-  35 


10 

6 


12 
7C 


33°  15'  17-28' 
30°  29'  06-45' 


CD.* 
3-21 
3-58 


dlog*S4  =  3-58  (6)    +  3-58  (7C)  -  3-21  (10)  +  3-21  (12^  +  1-35  (13) 
-  1-35  (14)  -  0-46  (19)  +  0-46  (21) 


Side  5  =  Huntingdon  —  Newton 
sin  (21-23)  sin  (17-13) 


sin  (25-26)  sin  (10-12H) 


+ Angle 
21  -  23  =    78°  36'  18-82' 
17  -  13  =  106°  13' 33  10' 
d  log  S,  -- 


CD.' 
0-42 
-0-61 


■Angle  CD.* 

25  -  26    =  39° -37'  40-35"   2-54 

10  -  12H=  33° -43' -05 -32"   3-15 


3-15  (10)  +  3-15  (12H)  +  0-61  (13)  -  0-61  (17)  +  0-42  (21). 
0-42  (23)  -  2-54  (25)     +  2-54  (26) 


*In  units  of  6th  decimal  place. 


Normal  Eouations  and  Solution 

The  normal  equations  for  the  direction  method  of  solution,  also  the  solution 
by  the  method  of  substitution  are  next  shown.  This  table  also  shows  the  first 
step  of  the  elimination  of  Ki,  the  original  normal  equations  being  seen  in  the  lines 
2,  3,  5,  7,  9,  etc. 

The  terms  below  the  diagonals  have  been  omitted,  the  terms  to  the  left  of 
each  diagonal  term  being  respectively  the  same  as  those  above  that  diagonal. 


57105-j 


82 


Geodetic  Survey  of  Canada 


lO  1^ 


s8 


in  o  <>J  CO  m  o  ^ 
ooooooooo 


0-«*<  O  i-H  to  O  (M  O  O  O  O  O  t-i  O  <M  O      OiMOC<IO  o 

+  1 l  +  l  +  l I  I ++I 1+  + 


OOOO 

I  + 1 


O  lO  >-l  •<*<  O  CO  < 


+11+  +III1I+  + 


+  I  +  ++ 


)OT-l01r-IOC«305-^000> 


II    II  +  I  +  I  I  I    I    i    I    I  +  I 


OCOOrHOO< 


O  to      ^      »r3  ( 

C5  in  cc     oo  CO  (M     <ra  o  CO  t^oc 

>l>-t^00O<M05C0OOO'-(OOO< 

o  00  o    omo    o(MO  ooo< 


I ++ 1 + I  +++  I + I    III  ++ I 


CO  ^ 


i-H  t>.  o  <-<  05  CO  «o  oo in  1— I  CO  CO 
oini-iTtuncoc^t^-^ooocoot^t 


in  oo 
>n  o  03  o  CO 


OCOt^COC<l^CO>-(^»-IOO 


+  1   I  +  I  ++  I  +  I  ++    +    +  I  ++  I 


(M        l-H  •r-H 


I  o  o  o  in 


O  CO     m  (N     CO  CO  00  CO  o  >— 1 1— I  "-i  c<)     oo  o 

i  +  I  11 ++ I  +  I  I  I  1  + 1  +  I 


o  o  o  in  C5  CO  00  o  CO  ^-i  (m  o  i-i 
oinoT-ic5-«tiocoinoocao<MOO 

O  Ttl  rH  ob  O  o  o  o  oooooo 
I  +  I   I   II  ++++     I   I   I  +  I 


05(MC<H^-tr--<t<O-*t^00 

cococ\iinc^Ococ<ic-^o 
mooineo'-H-^T-^in-^t^ 


)00<M020t^OOOOt~CO<— I 


in  r-l 


I  00  in  CO     in  00 


I ++ I + I ++++     I + I 


00  CO 


o  o  CO  in  o  <M  ' 
iM  t~  C2  in  o  CO  ' 
o  ^  CO     C3  o  o  ■ 


in  <M  CO  1 


I ++ I + I +++++ I 


o«i<Tj405a>'-HCO'-iTi<( 
t^oscooot-t^-^os^-n 

CO"5tlC^t--C»00(M0005< 

r^inoococoomcooo- 


t~  CO 

+TT+ 


++ 1  + 1 


eo-^inos-^csoO'-H 
i-Hco»-H^in*<*^oc^ 

OCOC<lCOt^-4<r^ob 

•>*itn  CO     1-1  C5  i-c 

+TT++++ I 


•rH  CO  <N  O 
I    +    I      I    +  I 


<M  oo  IM 


csi  in 

I  ++ 1 


Adjustment  of  Triangulation  in  Ontario  and  Quebec 


83 


00      O  »f5 


-^b-OOOtOa3t^i-l(M-^OOirO>r5  500'-lOC00050-<*<0-*<00>Ot^OCOO  OCCiOOOt- 

c«T*<ococo-*'--it^coiO'*cD-«t<ooo3r--ioc^coo«oo>iooorHOir-iroooc-i05  ooc^ot>.c<-»t< 

00(rqC<«lO        C-lrH        ^CO  CO 

I ++ I  + 1 +++++ 1  + 1  I  I  I  I  I ++ 1  I  I  I  + 1 ++ I +  I  I  I  +  I  + 


coo       lO       t--  00 

<rci  cs     00  lO     CO  CO 

05  (M       lO  CO  CO 

+++++++ 


+  I 


I  +  + 


I  I 


)  CO  O  ( 
>  02  O        •  _  _ 
It^t-OCO-^t^-r-lOt 


s  s 


.CO      CO  o 


Ttl  ^  lO  CO 

05       i-H  CO 
1-1  OO  CO 


0»-f*000'^CO>-lcOCOCOi-<OCOO'-l-*iOI>-CCO'-lO'-IC<ICOT-IOCO(Mt^       0»-<0!M0-^  • 

  •    •    •     •  •  CO  • 

O'#lMCO00C5lOC0'-IC0r0>-l       T-l       OOOt-iO       O       OlOO-^OOOCM       OO       O  OCOO 


+ 1  I +++ 11  +  11+  +  +I  +  II 


++ I + I +++ 


+  111 


o     -H     i-H  cq 

(McO'^^iOCO^OaOt^OcO'^M 
COC<1^C<IOcOcOtJ<COOOi— li— iCOkO 
O  0>  0>  CD  CO  t- 1-1  lO  >0  1^5  CO  c-a  < 
Ot^OcDCOO-^TtlCOOOO-Ht-CTilO-^asCO-^COiOSOOOOOCOi-l- 


05       00  C<1  O 


lO      O  05  CSI  o 


O      C<1  >o< 


+  I  I +++ 1  I  + 1 ++++ 1  +  I ++ 1 ++  +  I  + 1 ++ 1 


+  I  + 


CO 


00     CO     lo     OO  r>- 


CO  CO       lO  (M       Cvl  <M 


i-HOOC^T-iO      coo  Oi-tlMOO 


+  I  I +++ 1  I  + 1 ++++ I  + 1 ++ I ++ I +  I  I  I ++ 


I  +  I  +  I  1 


tMOOCOOT-HiOt^COCOOSt 
-HC^T-lOOOt^COcOOC 


>00'Ot^  lO  OO  (M  CO  i-H  C<)  ^  CO 
|TtlOOrHt^OOlOC^C^COiOt^OOOcOCOI>-CO->#OC 

)  lo        t-1  lo     o  02  !>.  o     a>  c-         —  -  — 


•^Ir^OiOi— icOHO' 


CO  O 
O  ^  C5 
(M  CO  00  >0  00 


005-^lO-ntl-^OOOlOOir- 
COCOCOrH>-t        r-H  CO  t-l 

+T I +++ 1  I  + 1  I 


cDoor^i«oc^ooOT-icooo^O'-iooc^i-ic 

+++ 1  + 1 ++ 1 ++ I ++ 1  I  1 ++ 


CO  O       r-1  ^  (M  ^ 

I  +  I  + 1  I 


00  CO  O  OO 


<  O  02       CO       OO  lO 


<  <M  CO  O  CO 


lt^cDt^0003-*0'<!l<lOiOO>000'*<C^OO.— (000000<-H-*C>0> 


CO  O  CO 
OO  lO  lO 

05  o  o 


OOOOOrlOO^ 


OOlO<M  t-ICO^Ot-HOC 

I ++ 1    I  I  + 1 ++ 


OOOOO      O      OOOOOO  oco 

I  I  I  I +  I   I ++++  1  + 


lO  O      O      O  CO  O 

I  I  +  +  I 


iOOC0O<MOiOO>nO 


-5t<  r-(  lo  >o  CO  ^  OO  I  CO  00  e 
CO  o  o  00  lo  >— I  o  03  lo  r  "~  ■ 

CO  T-H  <M  .        ■■  ■ 


)0-*iOC^^<MC^rt*COT-H-^i*l, 


O  <M  CO  CO  CO 


OC00005cDC0TiH-<l<(NlCC0 
CO 

+ 1 ++++ 1  I  + 1  I 


.-((Mt-lOOOO^OOOOOOOOOOO  ^ 

+++++++ 1  I  I ++++ 1  + 1 +++ 


OOOOOO 


++ 1  I  I 


•  o    o  o  CO  05 < 

OCOlOobc^  CO 


O  i-H 

+ I ++ I +  I 


O"— l»00^(McOi— I|-~C<1 
VO  <N  050  00  O  CO  '  m  .-H  O  lO  >0  J-^OCO 
>05050000-*OIMO-HO^OC^OOOCS|0 

OtHt^C^OMO      O      0(>10      O  OfNO 


I  + I +++ I +  I  +++  I  11+ 


I  + 1 


CD 


CO 


O  CO  o 

O  ' 

O  C5  IMlfSOCOrt-   1-IOOOO      o  o 

+ 1  +++ 1  I    II +++  +  + 


0(MO<MO(MOIMO 

I  I  + 1 ++ 1  I  I ++ 


-HO      O  O  O  O 

O  C<I  O  CD  O 


++ 1 


IM  CD(MCOO-*<MCO- 
O  OOOlOO"— l-<l<C<J> 

oc^ioooococat 

O  CO  — I  CO  CO  >n  O  »C  (M  CO  T-H  CO  c 
OCOC0050t>.CO  o-^ococoo-^ooo- 


iOOOOOO< 


>  O  O  (M  O  00  O  O  "5 
JOOOOOO  OO 


■Or-(T-lOO. 


1  O  C<1  O  (M       CD  O 


++ 1  I  I ++ 1  + 1  I    I    I    I  +  I 


I  + 1  + 1  I  I  + 


OOOOO ■ OOOOOOOOO 


+  +  I 


ITS  00  lO 


>— ( CO  <-H  CO  CO  CD  ^  lO  05        osr^iot^iocoosio        o  ■ 

OiOCO'^CO(MCOcDiOr-OlOOcOOOO(MO'-lOOOOO'-<000' 
OC^OCOOSrHC^r^rHr^        (O        O        O        O        O        O  O 


I  +7  1  + 1  1  + 1  +  I 


+  I  I 


O  OOOO 

+  ++ 1 


57105—6^ 


Geodetic  Survey  of  Canada 


to 

(MOO(MOit~-0(MCOiCm"*0>n'0-^CC<M005i:OCOCOt>-0'— it^ 

oesi»ot-t^(MrHt^a>(MOi-iooo>-<o>oo>oO'-<ooa>-H 

OOS^T-HiMiM^C^OO^OC^OOO^Or-KOOOOOt^O 

T^l  1  1  1  1  1  It  tI  l-rl-rl-rl  1  1  +  1  1  |-|-| 

CD 

o 

r-jQOtOOCCOO— c05t^OCCC0»CC003-«»<O(MI:^»-HOOC«5<M 
OcOCO'>»<cOOOr-OOi-<t^OOO<MO'-<OOOi— oooo 

O  eo  r-(  O  O  OCO  ^  O  O  O  O  O  O  O  O  O  O  OO  O  O      O  / 

_l_  1  _j_  1    1    1    1    1  J  1  i_  |_l_|4_|    1    |4_|4_|  I 

O««00O0JO(M»OC0<Me0OOO'-l^^OOOCT>T^ 

o  00  o  r-i  (M  (fq  o  !M  o  o    o  o  o  o  o  o  o  o  o  o 
-t-lllll4-ll4-llllll4-lll  1 

CO  t-(  oo  50  CD  05  00  ■>*<  05  CO        t~ CO  t-i  coo 

<McDOOOOt^OO(M-«tlOO<M-«t<»0-^>-lcDiOOCOC<0 
0(Mtr~CD05(M000500COCOi— ICQ-— iCOi— it^r-ccOO 
OCOCOi-Ht^eO'OCOtNOCDOOO'-lOOOOO 

Oi-HOOOOOOSOOOOOOOiMOOOt—O 

_i_l_l-l4_l4-l    |J  Ul    1    1    1    l-l-l  1 

CO 

t-~05C<105Tt<0>rtCO>OCOCOC002l005-*CO-<*'t 
CO  O  O       ■<*<  lO       CC  a>       CO  t— O  »0  3i  OO  CM 

(CDC005020t~CO(M03t^05-^in-- (OO 
OOOC^cOt^OO-rH55->*lOCOCOif3COO-»t<COtM 
OcOIM-^tl-^OO-^OcOi-iI^-OOOt^OOOO 

OCO'-HO'-iOO'-iOOOOOO'-iOt-O 

_i_  1   1    1  4_  1   1   1  J  1  l_  14-1   1  14-1 

CO 
CO 

iO00  00t~(M<MOt^'^00C<|lft»^<M00(M 
■*C>5C3«5O3>-H00i-l^<Mi-(»O(MC<IC0-* 
C<lCO(MI>-Cq'^OOOlf5COO'^OTt<-^-* 
1— It:^00i0t~-^CDI^COI>"(MCDOCDOOI:^ 
OO^Ot^t^-^Ot^OOi— 1»00050-^0 

OiOiOp05i-iiOi-i^OMO'-iOI>-0 

_i_iii_i_iiri-i-ii-i-l  1 

o 

■*OOOOCO!M>r5-^0^05005'-< 
lO  O  CD  CO  O  T-<  CO  OO  lO            CO  rt< 
OcDCOCO-<*icD05t:^i005Ir~»OOm 
»-HOiCiOOO-*»OC<l-H-<*<CDiOOOiO 
O-— i-5J<COCDCQi-(iO(Mt— l(M0050 

0»C0300'-iT-H^OOOOt>.0 

J_III4_I_1_I   14-11  1 

CO 

ooiocvqO'<*<iniococa<Mi:~-05 
ococ^t^ootMcoiooooasio 

>— I00t--»OCO»0'— iCOcOlOCOlO 
0»-iC<lcDt:^CSi05kOJ>-'— i->*o 

O           O  O '— 1  CO  >-(  C<1  O  C5  o 
_1_  1  _1_  1  -1-  1  4-  1    14-  1 

(M 

OSOJlOcDTtl-^t^t^OJCO 
03C<l^cOlO(M05C.5Ca-* 
00'<!*<OOCOCOC<I»0»-i— <co 

CJrHT^ICO'^CDOltMCOO 
005(Mt^'— ICOO"— IC^I-^ 

OCOIMr-tOSCOkO-^^O 

1   1    1   1  1  1  1  1  l_  1 

1  -r  1  i  1  1  1  1  r  1 

>o 

OO 

OSOlCO-^t^CO^OO 

CO-^CTSt^-^lt^-COCM 
OiTtlOO'-lcO-^OsO 
(Mi-ICDO'-^COCO'-' 

OC^-*000-^0<M 
■Ji<  rH  ^        CO  »0 

_1_  1  _L.  1    1    1  -1-  I 

■5f<  ■>*l       CO  00 
CD  to       >0  CO  CO 
^  <M  O  00 

CD            O  (M 
<M  0>  O  CO  O  O 

O  lO            CO  OO 

l-H  l>I  l-H  (M 

^  CO 

CO 

(M  <M  00 

03  CM  o 

CO  t—  02  O 
CJ  lO 

^  00  c<i 
CO 

+  1  +  1 

o 

IS 

•<*l 

+ 

Adjustment  of  Triangulation  in  Ontario  and  Quebec 


85 


as 


+1  +  +  I  I 


I  I 


o    ^    o  o 

+    +  I 


+  I 


CO  C<1000SC<liC050e<ICOOOl0  05CV>t^>0-«»<lC'-liOt-»>0-<*<'— lOC<ICO  l^lC^05i(5>0 
Ot^03005t^cOcC>TtlC»OOCO'-lOeO-*0->»<iOO->*lOO'»f<C<10cC>030COt^OOt^<M 


>0(Ma>05oocoe^coc<ic<iot-ooO' 

t— O       lO  r-<  OO  C<«  (50       0>  M 


ll^  O  05  i-H  C 


l<M  00       ^  <-l  < 


I ++++++++ I ++ 1+ I + I +++ 1+1+1++      +1 l+l+l 
__  __ 

§COC00300CO(MO>W«00«<I-H-<t(r^fOOOOMOO^(MOoOOt««Or^  OlOC^I^t^OOO 
>OI~-.-^iOi-H00»O00C»iOC<liO^CC-*00OC~l-^C<lt--00<»£300Cnr^>-c  OOi-l<Mt^'*-HCv) 
l005CO-^C<lt---0'--llOOOOOOOOOC^OOcOt^OOcOCOOoOOCCTtlC005COi— iCO-'tlfO'— ito 
OPOC<JCO"5COOOO(Mt>-COCNl-HC<l^eCO<M^O  T-s-^  C5C<IO»OOt^t^OO->*lC<l^-<*<OCOrf< 

o^rHMobi»obi>-^Or^oooooMOoooo-^o-*o 

+I+I I l+l I ++1+1+1 1 I+1+I+I+I+I+I+I+I++I 


C-lCCO-*'-<C<>05e«5C<IC<I->**00(N100COtO'--lt^OC<)>--lC5'.-ir~-05lCOO-<i< 
COOSOOCOOCOT-H(MCOi«COOT-<c0^cOIOeOOOOCOOOiCcO  e<D\0O  OO  lO 

'-HC^ooOt-H(^^l005(^^^^ooooooooc<>^-u^^-HO»cc<^OlO'--<^— i-^foc5< 


ifcecoot^^ooi-iioajko^ioiotoc 


O-^Tt<«O00e0C0tC>Ort<OO»-iO>OO05O»-iO00OCCOO» 


>0  CC  ^  r-( 
CO  C<l  1— I  CD  to 


0»CC<IOt^»-i'*'^«00>OOeOOt^OOO'*000»-iO^Ot^OOCOOOo00050 

CO     1-1     (M  <-i  ec 

+  1  +  1  I l  +  l +++ 1  I  I  I  I  I l  +  l  +  l I  l  +  l  +  l  I  l  +  l ++++ 1 


-     _    _  •  CO  CO  lO  00       O  CO  CD  I 

CD  (M  r-l ,-1  !>.  IC  00  (N  0>  -  ■■  ■•  ■■  — 
00>IMOi-H>-(M->*<C»05r-(i: 


I  ^  CO  1--  CO  00 


T»<  00  CR  c<n 
CD  00       CD  CD  CD  CD  CD  COt^COOCOi 

■<*<cD00C0COlO'*00rtC<l05C0c0»O»OcDO>OO(M 


ICDIr~00-*CO>00>^05(M(M^ 


i>*-«»<iot^coa>iooe^oiooo50oo- 


looocoooe^oooo' 


+ 1 ++ 1  l  +  l +++ 1  I  I  I  I  I l  +  l I  1 1 l  +  l  +  l  I  l  +  l  +  l ++ 1 


C<IO500CDt^C0Ot^i-i»O00C0Ttl05 
»OCMI>-t<5cDlOC^'— lO-— it^t^OO 

OiO'ft^ooooiocooe<i(Mco'^c« 

cD-tftcDooo-^lr^'  ■■  ~ 

OOOCO^OiO' 


lCD05!M0050c005t^cD(MC<l 
•  C0t^cDC0(MC0C0t^-HlO-<*'»O 
lC<IC<lC0O'-l>0(MC^-^OC0iC 
,  ^ir^C-qCflOOOO-^t^lMOcD-" 

icoooc^coo»-^»0(Mc<icoini 


05       00  O  CO.<3^ 


icD"50M'Tt<'ocot^":) 


e  05  00  CO  Oit".  CO  00  ' 


+  1  +  1  I I  +  I+++ 


|0-*005000COOOO^OOOCOOO<MO— lOO^^^ 

I  I  I  1  l  +  l  +  l  I  I  I  1  +  1  1  l  +  l  +  l ++ 1 


lOCOt^i-HO(MOOOOCOC<ICOi-40l«»OC<Hr~'-l-^->!tl(M&5COr-<l:^COOlO  COOOCOOCO-^t^<M 
O'H'^JtcD'— ICOCDCOlO"<tl>— (NOC-ICDCOKSOcMlOCO  CO'OO  r-f-rflcO  (Mt^OicDcDOCDcO 

cDoo-Hoocse^»-i^co-*ioo>-H>Ortcococo<rQ050oeo^coc^ocDco^  icocoTtfoo-<!ti02i>. 

OO00cDI^»O'>*'COr~00lr^C0'^C0lOC0C0C<liCO00>OC0Cqc0»O<M00T-l0>  >0(C2  ^  Oi  — <  <35  >-( 
OOOCOiCt^iOOOOOiOOOOCOOCDOOOOOOiO-^OT-iOOOO  O'O  O  ^  1-1  CD  o 

oc<iTHOMOobooooooooooooooc5oboooooeoioooooocDo 
1-1 

I  +  I  +  I  +        l  +  l  +  l  +  l  +  l  +  l +++++ I ++ I  I  + 1  +  I  + 1 


1  CO  1 


■  CO  I 


OOOC<lCO»OiCcOlCO:'COlOi 

icoc<i.-HC200i>--^e<)050< 

  _     .  ,_i00  00Tt<CT>0Otr^O0t^O5'-<00t.- 

C0O3C<>00lO'^iOCOCD<MO5O5rflO3i-lC<l-^COcO-*CDi— ii0C0CO-^iOOc005i 

oo^^-c^ocOl— icoTt<»oiOi— i'*i-ic<ie<iif5i— icoO'^coc^i— i-"*icooo»Oi-ii:^cocoo'-ir~ 

I +++ l  +  l  +  l I ++++++ 1  + 1 +++ 1 +++++++ 1  1  1  1  I 


OTt<cot>"0>'*»oo05»-iooc<icocoe;ioooc^oo5i:^o>ooesi05i— iTt(cD  co-<tit~-eooo<M 

(M'*^t~-Of0-^00l0>fSt-<MOi-i-*C0Tt(C0C0O05r--^C0O'^C^C^  OSiOrt'*<MCO 

"'rSSS'^'^^'^CnOGOCOiOMO-^i-l'^CqMCDCO^-cft^COt^OO  T-HOOt^^iOt^ 

C0000000CD'*<03t^lO'>*<C^O00OcDC0>O-«tli— liOlOCO'O'^t^cDcDCl  ■'flMt^dtc^CO 

I  O       lO  <M        1-1  -H  O  ^  CO  C<1  r-H  O  CO       lO  -H  CO  r-l  O  CD  1^^ 


COCOCOir5COlCOS»000< 


Ol-|<0(^^<^^■^cD^oooooc^^o^ooooo<^^ooooo-HO  oooo»oo 
1  +  I  +  I  +  1 ++ I  I +++ I  +  I +++++  1  +  1  +  1+    +!  1  l  +  l 


»HCO«00>rtCOmcOCD-*lCOC^(MOOCOOOOOOC005COOOOlCC5>OCO  (McDTt<01 

~  ^  CO  CO  O  CO       lO  00  Ol  O  (M  OO  00  O  Cn.  Tt<  C5  CO       t-- ^       1*1 O  CD  O  O 

 _   -    TiOC^r^OOcOcOOt^       r~- C5  CD 

1— ii^oc^itiooi— ieoii<»-icoocOifi 

 lOO-^C  


OCD-  _  _  _   

»O00Tt<iO00(MOC0O05iOCOO»0l^( 
OOCOOO>OOi-<»HOOcD»0(M'<t<C<10( 
O'^TflcOCOiftCOt^t^Ot^OOOMO^OCiOOiOOOOt 


<  o  o  o  o  o  o 


0(McOO'^O^OOOOOOOOOOO^OcoOOOC<»0<NOiMOO»00 

I +++ l+l+l I ++++++ l+l+l +++ I +++ l+l+l 


CO  ^  52  00  CD  1*  O  CO  <M  ^  CO  Ttt  T}<  CO  t- 00  IC       tr^       CO  00  05  CO  00  OS       (M  CO 

2  00  1-1  15  05  O  ^ —I  05  Tt<       M  O  lO  CO  M       iC  ^  i*<  CD       M       1^       IM       <»  CO 

OS iM  e3 00  Tt<  o  Q CO  o o  CO ■<}<  10  c<i  CO  05 00  1*1  o  1— I  00  >o  coco 
Z!E:£2£""^°°o°^'*'^o^f^<'icDoo5co-<*ic^ira-^ocDt^cDoocooit<i*< 

OC000OC0OcDTj<c0C<litiOOOi-ii-<OOOOOi-<OOCs^OCvIO05»-^ 
O00i-l»Hrt(NOt^OOOod5OOOOOOOC3Oi-HO'^OC^ 

I  + 1 +++++ 1  I  l  +  l  +  l +++ l  +  l  +  l  +  l  +  l  +  l  +  l 


OOCQOOOOCOOC<IOOOOOC-1000000000I<100000 

+  +  I  +         +  I  + 


t>-iCiCOe0l«c00iiC00Oi*ii*'00i*iOOCDc0iCOiOOc005iOe<lC0 

S!2SS?^^"*'='2;;s°o'^°°'~~«5=^<^^'^<^^"='c^cooooi*<co 

S^S222'2M2r^z;2®*^"'^'^'^t^""^<^'^'^o5cDcor^o'ooo 

C3t--0>0»OlCCOO>C305t^iti»Oi*lt^cD»OOcDC003COlCOi*icDiCr^ 
0'^COI>-COC^r-l05iCCOCOi-lOi— iC^i— li-<T-lOOO(>Ji— ii-lOC^OOCO 

oeooOi-HOcoocoooooooocioooooooocior^o 

+T+ 1  I  1  +  1 1  +  i  I  I  1 1 l  +  l I  1  1  i  +  i  +  i  +  i 


Geodetic  Survey  of  Canada 


o 

00'«*<OOcOI:^t^-rflCOOOCOt^OO'-iOOlOOCX)»0-«tlOOC«3'-lC^10»^ 
OC005l000<Mt-lOC000r-lO-^Tt<O^r-l»0(?0'-IOOCJ00Tt<00 

^iXiOC0OOOOOOOOOOOOOOOOOO^t~»-H 

I4_l    1   |4_|_L.|    1   1  |_|    1    ij  |_|    1  J  L  1 

00-^cOOlfflmcO(M<MOOOO»0003C<IC0050(M0500C0050 

CO-^OOOC^OOCO— 'O-— lOCqOt^'-'OCOCOCOCJOOiO 
O'^O'OOlCq.-lO'-iCOOlCDOTtlOOT-lOlO'-l'-l'-tOOOOO 

O«=i0Oir0Oi-lOi-iO.-iOOO»-iO(MOOOOOt^i-i 

_L.|    |_1_|              IJ  LI    1    14-1    14-1    1    14  U| 

O0  05co-<*(oot^oocoi:^c^-*o>t:^iro^-*oit^cc^05i-i 

C0C0O'-(04t^c0.— liOTMiom-— ICOOCTS-^T-HOIOCTI'— 1 

oocot-i.-iooooo5c<1'— ic-iTjH^cnocCrt-^ooo 

OOSiOOCOOi-iOCOOOOC^O'^OOOOOGOO 

oooo-^ooooooooooooooot^o 
1  4_  1   I   1  4  1  1  L-  1  4  1  1  1_  1  4  L.  1  4  1  t_  1 

>OC0tMC0OC0T-i!M0200r^OO05O00O'— 

oa500<NOi-iO-#0^0<MOOOOOt-0 

OrtiCOiMOOOt^OOOOOOOOOt^O 

4-II4-II1I14-I1II-4-II  4 — 1-  1 

o 

I-"  O                O  O  O  00  CO  a> -rt*  00  ""^i  lO  lO  ' 

C<l--Hr-l0001^-^r-lrHi#C0'-<-<*'(r<lC0C0O«>- 
0(M'*<T-lT-lO(MO<£'<MO(M--l^0003rrl 

0000003000>0000(MOOOt^O 

1  -1  L  1  4  |_  1  4  1-  1   14-1  4  1 — 1 — I-  1 

00 

50»-l-^cDOOCOOOC<H^<-l-<*IC<IC0005t>. 

OOOOOCO"— I"— Ii0005l0r-1-^10(MOO 
OCOlOOiOOt^OCOOOOt^OOOO 

O --1  O  O  i-H  o  o  o  o  o  o  o  ^  o  o 
4_  1  4 — t-  1   14-1  4  \  1-  1   1   1  4_  1 

CO 

O050'»t<i>-ooco<r<it^oo50'-i>o 
l•rt^ooo502(^^oococOlOo>c^03<:^^ 

lOOOOOOOOl— lt~--^iOlO(MO><» 
1— l-^C^T-^fOiOcOOOOt—  C0>0000 
O  00  CO  T-l  00  O  CO  O            00  »-H o 

o>oobooo^o<MOrtot^o 

4-  1  4  |_  1    1    1   1    1  4-4-  1  4-  1 

1    1  M  n    1    1    1    1    1  n       1  1 

02 

T*IOO'-lt^O>T-^05l>.C^O>00-^ 
rtOCOCS'— 'OC^CO-^COtMC-^ 
CO  CO  00  rH  00  t- CO  <M  CO  CO  »o 
C50C005COOOcOi— IC^OOCO 
O'-i-^'-lCOOOOCOCOOM 

oocoooooooot^o 
4_  1  4  L  1   1   1    1    1  4  U  1 

o 

oo 

■rt<Ir-t-COCOOOOCOO<M 

o<Mooco(?qo05»oooo 

OiOiCOOOOt^-^COOJ 
CO'-^^C^C^O^--<00-<4< 
OCOkOfMCOrtCOOCOCO 

OT-iooc^ocMoaio 

r-l 

1  J  |_  1  4  L  1  4  i_  1  ' 

CO 

kC  O  00  O CD  ^ 

<N  ■<!*<            CO  ^  00  CO  ' 

OOOOO-^OiOO 
0-*>00r-l0000 

IM       ^  ' 

4_  1  4  1  L  1  4_  1 

CO 

O  T-l  CO  ^  CO 

CO  05  OO  IN  o 
oo       (M  CO  O  oo 
O  (M  1— (  CO  03  (M 

O  CO  «o  o  o 
o  CO    o  00  o 

CO  O 

4-  1   1  4  L  1 

oo 

05  (M  T»< 
05  CO 
oo  IM  CO  05 

r-.  ^  CO 

O  CO  o  ^ 
CO 

1  ++ 1 

Adjustment  of  Triangulation  in  Ontario  and  Quebec 


87 


eg 


O  <M  O  O 
1+      +  + 


1111  + 


eo     ^  (M 

O        O  ri| 

I    +  4- 


00C^cDtDCCO»0Q0C<IOO0500 
(Nl    •  O  O  CO T-H  CO  (M  CO  lO 


(lOCO!000-^r-ITt(r-l.-l0002005C^105COOOO 
OOCOOO>Ot--COOOO»0<MTtl«OOOCO^asC5CO>OCO 

t^cOCNlOOOOiOlOi— lTtlTj<t~c005'^-*OCC»-li— icq 


++ I +++++ 


CO  r-l  r-< 

I  + 1  +  I ++ 1  I  +  I  I  1 ++ 1  +  I  I ++ I ++ 


Ot^i— l-^CO"— 

■<coi--00ioO2C<ir  


_  .  .  ^  ^  t~  CO  ( 
I  O  CO  CO  to  CO  CO  <C  I 


^  Oi       CO  lO  C<l  ' 


-*  CO  00  lO  CO 


Ol^-^OOO— <Oi-iOOOOOC^OOOOO-<4<OCOOCOO(M00500000^0 

^  i-H  CO 

I  4-  I  I  ++  I  ++  I  I  +  I  +  1  ++  I  I  ++  I  +++  I  +  I  I  +  I  I  +++  I 


eO»-ICO>OCDCO-*C5C005000050500r-IOOlftC^< 


>— i0000002CO>-<l:^0302iOOt~cD< 


•COOOOr-lT-llOlCCOt^ 


1^  C^]-r)<CO-*-*ICO00O2t^ 


OCOOSOC^OCOOIOOCO  t~000-*OOOr-iOOiMt^(MOOCOOO'-<OOOC^ 

I  + 1  I +++++ 1  I  + 1  + 1 ++ 1 ++ 1  I +++ 1111  +  11 +++ 1 


•>*IOOCO»0(MCOO^lOCOC^05COCOCO'-<OOOOOC<lCOCOOOO'#00  -^OOire^OOOC^IiMOO 
OOOCOOl— it^COOOOilOOOt^C^OOt^t^OOOOlOlt^-^-^COtMcO  T-105,— ICO-#C000030 

oocoo5cooo3a5^~cocDcooo■*lO(^Q'-^ooocoo<^aoc^l^-o<^^  <mioococooo^o-^ 


■(MiOOCOlOOCvlOO-<*<i 
ir-IOOiOOOCq0200003lOt^.-l- 


i-<#coi^-<tia5toot^Oooc 

iT-li-HCOCO'— ICOO'  ~' 


00<MOCOOcOO^OiOOOO'-iOTt<Oi 


1  + 


i(M(M(MOO'-'00'-IOOC2C<) 


+++++ 1  I  + 1  + 1 ++ 1  1  +  1  1 1 ++ 1  1  I  I  + 1  1 +++ 1 


!COT-icO(MiOOCOt^-*COlO< 


lOOlOCJaCOOOOOCOr- (■ 


0<Mr-l-»l<03C<llOOOOC^COCOt^l 


)  CO  1— I  ->i<  o  '— 1 1 


I       CO  lO  CO  lO 


icOOOO^t 


•  oiooioo-^oaiO'-toco 


OO'-tOt-it-tiMi-iOO'-iO'-i. 


1  +  11 +++++. 1  1  + 1  + 1 ++ 1  1  +  1  I  1 ++  i  1  1  1  +  1  1 +++ 1 


■  '^l  o  o      >0  ' 

.     _         _      _         ,  jcOcOOCOt-C. 
I  C<1  CO  CO  03  CO  O  O  CO  00  CD  O -"tl  CO  1— (  lO  r-H  CO  »0  T-H  tr^  O  1-1  03  _    _    .   -  - 

O-^I>-T-ll:^OT-HO-*C-5-HT-l^T-i-cf<OL0'-ic0O00OT-lTiH-*l-rtlT-IOTj<Ot^C000O00O 
Ot^OOOcOOOO'OOOOcOOcOOOOOOOSOiOOOOOOO'-iOOOOOcOO 

ooJ^o^^ooooooooooc^ooooobooooci 

+  11  +  11111  +  1111111  +  11 +++ 1  I +++ 1  1 +++ 1  + 1 


IOI>-COt-icOt)HiOiOOO'— llOlMt^OOi 

O      CO  O  05  CO  o  o  c- -   

1— lCOC500C<ICOt^>Ol 


lOst^-^lOOOC^I-^^OOt-OCOOCOlOCOOI:^ 


jcocooo-^c-^CJt^oooocoioocoo-^oocncooo-^o 

 .   .  1  CO  CO  CO  ^  T-l  C<)  t-- CO  O  CO  00  O  O  O  OO  O  O       CO 03  CO  Tt< 

coooc^it^ooOT-ioococO'— (-ctloO'— iiOt-iiooocOi— icflocoiocacocot^cjira'-iir^co 

OOt~C<li-lr-l03OI:^C0c0C0rtlrt-<**OC0C0t-O»-IO00C0C000i-(O-<*<OI>->000.-t 


OC<It}<OC0O-*O->1<OOOt 


(OOOOOOOOOt-iOOOOOOO'-iO 


I  + 1  1 ++ 1 ++ 1 ++++ 1  +  1  I ++ 1 1 +++ 1  + 1 ++ 1  I  I  + 


COCO»005lCOCO^OCOC<ICOC<It~CO-*CacOcD02cOCOC<lCOOOC<l  t--.oct-^oc<ioo 

cococ<iaocoTj<oo»ooc<iTt<^cO'-irricoooi>-05i-Hcoo-*a>oo  t^iocstoooco 

OiO-«tl>000-«t*iO»OiOOt^-*c001:— (^-•^■^Oast^OSCOcOOOvO  CDCDt~r-lcOt^T-( 

'-HOioot^T-icooocac-iooooacoo'— icoooosr-Hoooot^cot^  cqooor^r^oo-^ 

O0i00O'^O-*OC0T-<Cv|i-cc0OrHO^O-<*<O'^OC<lCqc^C5  O'-hOC^'-<00O 

oco'-HO'Hooooocvjoi-ioooooc^jooooor^o  cioooo-^io 

+1++1 1+1 1++1 1 1 1 1+++1 1++1 1+  +1 11++! 


CO     CD  a>  03 


C5C<)OOOlOrHOOOCOCO< 
—        •■  — oo^cooocn- 

>-HCOcDt-lr^C-10COO>OCOCOC3305t 


i  Oi  CO  t 

^cv5^T--<a>rl<u^coooocDcocoif50t^-*»o66  66a2codOi6i>.iooi^'c^co 
ot^oocoioi— icoot^ioo-^cac^i— ioo5coooooooo3t— iT-Ht-iO'-HOOost-- 

o«Dcoooooooo<rooooO'-iO'-iO'-to»-'i— icqr-tcaoooioo 

I  + 1  1  1  + 1 ++ 1 ++++ 1  + 1  1  1 ++ 1  I ++ 1  I  1 +++ 1 


iicoOTt<>ocDoot^oiomocDc<ia>o  oo-<*< 

)  a>  T-(  00  T-H  r-l  CO       CO  CO  CO       CO -rt*  00  O  CO  00  r-H  CO  »J3 

•  O  CO  T-1  05  CO  03  CO       CO  O     I  03  CO  C<1  CO       lO  03  >— c 

lococoiococOi— (loo-— i-Hooo-*oo»OLraiooooio 

  ~~~OO00O00O00OOOl^O 


ioooa>ocoooooot-(< 


OOCOOCOOOOOOOOOOOOOOOO'-iO'— lO"— lOCOOiCO 


+ 1  +++ 


I  i  ++ 1  I  1  +  1  1 ++ 1  1  +  1  1 1  + 1 ++ 1 


O      OO  O  CO  O  CO  ■ 


I  I  I I+++ 


+++  + 


ocoo  oooo 


+  11+  I++ 


88 


Geodetic  Survey  of  Canada 


  -lect^'rttooioo^-ec 

 '  lOOt^OOO 

'tO-^   


O  OS  lO  r-H  < 

U5<OCO>«OOrH.-(OtOOMO< 


0-<»<CC00'^^0000000000000i-<0"90 

+  1 1  I  1  +  1 +++ 1 +++ 1  +  I  I  I  I  + 1  + 1 


  CO  05  O      O — <  OO  O  CO  00  o  to 


Ot^OOC<)(£)COoOOO 


0-<f<-«l<0'^i-iOO»-<000»HO'-<OOOOOiCO 

+  1  I  I ++ 1 +++ 1 +++ 1  +  1 1  1 1  +  1 


>05Ttl<0OC0 


OOT»<C^Ot^O(MOOOOOOOOOOt^-H 

+111 ++++++++ 1 ++++ 1 + I 


lO  I     "    ■  


O  OS  (M  •<«4  . 


0-«*tiM00^t^OO0O0000Ot~O 

+  1  I  1  I  + 1  + 1  + 1 +++ 1 ++ 1 


_  I  00  C<>  CO ^  lO -"tl  CO  Tt<  ^  O  00  o 
OC<l>CicOC<5--it^Tt<t^OC<lOOOOOO 
OCC{MOC«r-lCOO'-^OOOT-iOt^O 

0005000iCOOO<NOOOt^O 

I +++ 1 l+l+l I l+l+l 


>0-^0000000r^0t^0 

+ 1 ++ 1  + 1  I  1  1  I  + 1 


CD'^'Ct^OOOt^-^OSCOCOC^ 
■^(^CS!O3T-lOSrtC<l(N00cO":> 

TjH0305c<i05i:^ojcocooo^<o 

<MCOOO-^C005000000C<)0 
Ot*hoOOOC005'*C<IcOOCO<M 

Oob«OOr^C<lC<jTHrHOt>.0 

l+l+l 1 1 1+1+1 


(MOOOOtOlMCOUti'^^ 

icc<i<r^too5»ct^oooc<i 

©©"^(MOOOOIOOt-iOO 
»-lCOlOcOt^00»^'— iCDe<5 

OcO'^j^roociioiocoo 
oeoooo»^oot->o 


1  +  1  +  1  I  1  1  +  1 


^(M'>*<05«0iDOO 

1 +++ 11+1 


t--.  00  >o  «o 

05  »-(  05  M  t- 
ira  Tt<  CO  CO  I 


CC  »0  T 

O  <N  05  C<)  (M  CO 


1 ++++ I 


O  •<1<  M 
0-4<OOCO 


+ 1 


II  CO 

^2 


Adjustment  of  Triangulation  in  Ontario  and  Quebec 


89 


1^ 


CO       OO  •'^ 


++  +  I    I  I 


+  +  I 


003CCOO-Tt<00»OC^OO'*005e^<>100CC»OcOi— I.— (»jT»l»r5»OCC>00>— lCOO5«D0OCD 

tOt^CO^t^e^e^t^cDI:^'-H^-*»0  00'»*<C»C^>0»005005iMiO'*l'^OOir5  0tOO» 
0»OCOOO'-l050«DiOOO'— lO'OcDOCO'«J<COt^050300COt~>OTt<rf(cCiOO'-<-«fO 

1^  ob  o 'i>  >«  o  ob  M  o  CO  e<i  05 'H  o  «o  o     lO  t~  "-H  < 
CO  ^-H  CO  OO  eo     lO        <M  c<i  e<> 

I i  +  i I i  +  i  +  i i  +  i ++++++ 1  I  I  I ++ 1 


co»o-<*<ot^oo-«ticoe^oi^«OTtioo^c<iiocooooco»oc<ieo"5t^e^t~-*-«»<cocO'-Ht^ 
50>o•>*|'-Hco^~oo>■^•^o><^^•-^oOl00^nlOOcoco(^^oc»1-Hl-H03C<^»o^~(^^lOco^r> 

CC05'^COTt<iOOO'*OOTtlOOOOcOtD->tl^t-~05cD->tlOe^C<It---<*ICOOOOcDOilOOOO 

•rt^•rt^lOoco•<tloolOc<^»oo^Ol^^o^-^■«^^'— |■^o>c^03^oo5^»03rHrl^(^^l— i<cooo5iO 
oo(M»o-»«teot^'-HO^'-ico»-iOTHO(Mc<»t-oo»-H^t— ^<r>t^-«*ir-i^ooo«5co 

oinoTH.^ii«oc<»ooooc^ooooo-«t<o-^oc<ioc<ioo5ooooo»^o 

.,     .-H  i-H  CO 

+1+11 +++++ l+l+l+l I+I+I+I++I+I I +++ I 


tO00O5C0C0C0t^>-lC<lt0O00I^TflC0C0-*'— lO-'fli 
CO  00  (M  CO  05  lO  05  O -"tl       T-l  .-im  CO ■     -      -     '  ' 

-  ~  —  —    ■  ^  ^  Q  ( 


(C0-«t*C0(MtD-«J<lCO00t^l0Tt<»0 


t-.coo5«oo5ooicoocaoo> 


>C0OrH^00  00t^T-l»0. 


<C0050'-<CO»-lC»CO 


O  05 

+ 1- 


iMr-i«ot>.'4'(Me<ioi-ooocoooo^^cco-«i<oO'-<eoo(Moooeor-< 

-r- 1  CO 

+ I ++++ I+I+I ++++ 1 1 l+i+l  i+l+l I +++ I 


CO  00  »o  in  1-t  o  « 
oscor- 

C<I  < 
<0  CO  I 


'C0O00C400Ot^'— ltO00iO»O(M»-llO00  00l 


>  o     o  o  CO  «o 


OC0-«t<<MCD00OC0-*OOiO,^OC0O^O^'-iOOOOOi-i^OC<IOOO05.-( 
C<)  CO  Cfl  CO 

+  1  +  1 ++++ I  +  l  +  l +++ 1  1 1  1  +  1  +  1  1  +  1  +  1  I +++ 1 


l05C<|lOO-H^-.*t~cO'^t^Ttl-*'*t^tC!(M005-*Tt<(MO>000^>OC<l 
iOOi005tO(MOCOOOO«5C<l-<*<0(MOOO»OOCOOTt<00-*C<IOa30t005-^KOCO>0 

1.— ito»CTt<»-iooc<ic^-<*<too50c^oc^coiOiO»ocoi— ico«0'*mc<iT-iO"*'— icoo 


ocooocqioosioco 

or  - 

+ 1 


I005000COOOO'^'-IOO<-HOO'-I  i-H  O  IM  »-i  O  O  CO  c» 

CO  Ttl 

+  1 ++++ 1  + 1  +  I +++ I  I  1  I  +  l  +  l  I  +  l  +  l  I +++ 1 


CO  !>•  0>  00  »0  OO  I 


,1  e<i  lo  Tt<  T-H  CO  >o  lo  <M  _ 

COtD00  00^T-l(Ma>CO(MC<lO5 
OOOCO.-lOCO»OCOO^OC^ 


OCOtOOOOO«0000>OOOC^-*-H 
_  «5      -^f  O  t- O  rt<  00  C<J  r-(  (M  Tti  O 

t^Ot^^tOr-oO.-^t^Ot^'^t^CslTtltOI^CDOOt^t^OOO 

»-i  CO  t— OO  o  o  lo  o  •— I  1— I  r-<  00  r— CO  00  o 


JOOOO^OSI 


1  1-fO  rHOOCO^i-li-l-^OOl 


Oml:^T-iOTt<O^C10000000000COOOOOCOO»OOOOOOCDO 

+  1  1  I  l  +  l  +  l  +  l  +  l  +  l  +  l  1  +  1  +  1  +  1 ++1++1 +++ 1 


3  a 


'-i"!j*omooococot^05i— ir^c;icooo5ir^ooo»f505i-icot^'<tico'*'o0'^coi 

COCOCOt-hOOOi— icD-*03COOO-*00<MCOI^~C0050t— ieo-^c<)iciiot^co-^coco< 

  -HOiCt^'-<C000500(MTtlCO^^-*0-<*IOCOOOi-lOO-<«'IN05< 

  _    ...      ..  ^cOCOcDt^cOO"*I>-0^' 


>05(M-»tl05t^-*t-020COT-lCO< 


)OOOr-(C<lcOO«50005lOO(MC<lt^O 


.-*COO-*r-iTj<OOO^OT^OOOOOOO'-iOOOOOOO'-<0^0 

+  1  +  11 +++++++ 1  + 1 ++ 1  I I  +  l  +  l ++++ 111  + 


»OOCOlOOCOiCOC<10COt^-*C003.-iOOOl   -  _ 

OCOi00500>OOOOOC<IOO-^C-^0-^Ot^C^!35>— iOCacOC^C5003<— lO500TtlT-l 
O05r-iT-<-*c0i0<M^OC0O'-iOC<>O-<*<OO^OO05OO'-i'-iOOO00O 

o^^oooooe^Oi-ioooooc^ooooooooooooOTTio 

I  + 1 ++ 1  1  I  +  I  I  I  1  I  + 1 ++ 1 +++ 1 ++ 1  I  I  I ++ 1 


<C<J^O5O00OC000( 


CO  CO  S 


^OOOOOIMt^T-^COOOCOCOIMlO 


-   -  -       -   .10>OC002-*0'— 1' 

■«*<CO»OrH(MC^Jt— (MOT»<05rJ<C^(M02rtOJOCO-<*IC 
O'-l-<l<r»Hc0O<MOlf5^TtlC0OO<MOt~<M00  00C 


<<Mi-HC^»O00O5O3O» 
)C^00^-*lOCOt^t^ 


0"*Oi-iO'OOC<IOOOOOCiMOr-cOT-iOOO'-"0(MOOOiOO 

+  I  I  II +++++++ I  +  l  +  l  1  +  1 1 1  +  1 1 ++++ I 


»o  n<  o » 

OO  ^  iO -"tl  O  O       CO  CO       00  T-H  ■      _  _  . 

"  )cococococoio05ooe<ic-^rti05coTt<C5ooco 


<3300U5O3-*t^O3lOt— mc  -  -  

00>t^COC<100200COCOl^OOmOOOOO'*lCOOCO'^0>'^C5t^05CO 

o  CO  o  CO  o>  (M        o  o  o  o  <— I  o  o  o  o  o  00     c "  —    __    .-  _ 


OCOCOOOi-lOOOOOOOOOOOO^O^O'--0'-'0>00 

1 +++ I  I  1  1  +  1  I  I  +  I  I  1 ++ 1  +  I  + 1  + 1  1  +  1 


i>-00'-Hm-^i<coc<ie^t— cot^i-ii— i-ji/5cooo>«f-i— ivcoi-imcD 

'525^*^'^""~-^'^^''^''5'-'<M"^'0<M'^«0'*'Ot— OOCOtMO 

!2S''^r:!i2?SEr®*^^'^'*'^"''5-Hrtcooooc^5coi:~coooco 

OC^'--lOOOT}<OCOO^O'^OOOOOC-50000Cq^<M05C» 

ooocorH<rflcooe<iooc<)ooooooooi-i»^<ioot~-o 

I  + 1 ++ 1  I  l  +  l  +  l  +  l  I  1 ++ 1  + 1  + 1 ++ 1 


90 


Geodetic  Survey  of  Canada 


C<1 

00000-«*<-^^OiOOOOO»-iC^»-iOO>«00000 
0<Mi-ii-l-^O00^0OO0OOOi-IOr-«00Ot^0 

+1 1+1 1 1 1 + 1 1 + 1 ++ 1 ++ 1 ++ 1 + 1 

oo5r^cooo-'»<oi--csit--ooTto>oi^c<n^or:^o 

0050CC-<tl'-HvnOOO'-<OcDOMOC^O>00»00 
00-*0.-<0000000000000'-HO'00 

+ 1  1 ++ 1  +  i  + 1 ++ 1  + 1  1  1 ++++ 1 

IM 

i-ito»not^t-i>-ocoi-H05oo»oioc<iccTt<t^ooo 

<MOCOOOOO-^«3^000iOO.-IO-rt<0000005tDO 
OC0  00C<l-^>CC0O^O«0OC0.-HC0r-H(MO05O 

O  CO  lO  ^     O  C^'O  coot-o-*ocoocooooo 
00-#0050^e)00^0'HOOOOO»00 

1 + 1 1 ++++ 1 ++ 1 1 1 1 + 1 1 + 1 

i 

<MOiOCi0003>Oi— (00»0i— l'X>lOiOC5t^O 
OCOO^t^OOOOOOOOOOO«00 

l+l 1 ++++++ 1 l+l I++1 

as 

CO 

t^C005T-l-^-^Oc0O>-IO05t>.C<lt^rt 
O-»tl-*CDr^t~Cslc0TtH^»OOC0C0-*O 

loooioot^tr^inoit^asoo-^coi-io 
u:)rtir^^,^oc^o]05a3-*co(M020t^ 

Ot^t-tilCOr-lr-HOi-lT-HOOOC^lI^CO 

OOC^tN^i-lOOOOOOOOb-O 

+1 1 ++ 1 1 1 1 1 ++ 1 ++ 1 

CO 
C5 

iOt^O3C0lClO-*>— lt~»OCOi-H00CO 
002CO>OC^r-llOiOOOO-*COCT>>0 
C0iCO05O00>— iCOO)t^OOOt^C<l 
■*C<l02tD>Or^t^<MC0i0OC^G0C0 
OCOCOOCOOOi-lOO'-l'-IOt^CS 

0»CO>C<10000<MOOOt^O 

1 ++ 1 1 +++ I ++ 1 + I 

C0(M<Mc0t^OO00Tj<-^l0»0 
lOiOCO-<*<CO00C0CMi-lO3TtlC0 

O'ooiocoocooas'— 1050 

O  CO lO  ^  O  O       O  IT- o 
00'-iOOOOO'-HOI>- 

1 + 1 1 ++ 1 + 1 ++ 1 

CO^OOlCOO'.-lcOCD-^lfS 
C0-<*<(M00O'r^-*05^^ 
OiOCO-^t^cO-^lOlOt^ 

c-a  "-I o  CO  o  03  >— 1  o 

OCOO-<tlcO>rt»00'-<'— 1 
OCOCOr-l'^O.-IOt^O 

+1 l+l 1 + 1 + 1 

o 

.-(OOOOOOOOCOQO 
lO  CO            00  00  CO 
00  (M  05  OO  OO  (M 

C:>C0030COOO(MO 

oinoc^coocoo 

OOOOr-lOt^O 

+11+11+1 

CD 

§       OO  lO  05  »0 
OO  CO  O  CO  00 
rti  00  O      OO  CO 
CO     oo  — 1  CO  i-i 

1-c  ^  00  00  CO  CO 

O  O           03  CO 
00  Oi 

+ 1 +++ 1 

o 

OO  (M  Tt< 
>0  00  03 

oo    o  a> 

OO  O  <M  ^ 
CO  Ttl  00 

ot^4<ob 

-<f  O  >— 1 

1  ++ 1 

II  <^ 

II  Oi 

+ 

Adjustment  of  Triangulation  in  Ontario  and  Quebec 


91 


1^ 


I    I  I 


o    »-  o 

+  +  I 


I  + 


.  lo    o  o  o  I 


llO|--lr^C005>OC<5^iOl^rOCDOO-^-^0005(MOO-^-H 
t^00C0Tt(«3i0Orl<lrt(»OO-*C<0COO-^C0-*lT^COlO000ie0OOI>-O^ 

-*Tt<-^oio>oooo3irot^oO'— i-<tico50r--ic5inO'-H<--<coO'«*i-«j<io»«->#t^ira 

OO  00  r-1  lO       ^  CO  05  i-H  CD  00  (M       OO  ^  Ttl  1-*  «0  C  "    '  -         ~   ~     -  ^    ■ 


ir-(00'-<a50-^t^(MCO-<1< 


++  I  ++++  I  ++  I  +  I  14-4-1  +  1  ++++  1  +  1  1  ++ 


ICO-*eOCOOOOO»-lcOGO-5tl>— iOi<MlOCO>OOOC<10>OCMC—  cOCOt 

o  05     r-i  ^        o  <M  o  ^  o  o  1-H T-H  00  o  a;  o  lo  o     o  <M  < 
oe<ir-Hi-icoooooo<Mooooocoocoo<Mocooa>0'-iooO'-o 

CO 

I  + 1  II +++++ 1  I  I  1  I ++ 1  + 1 ++++ 1  +  11 +++ 1 


•  00  (M  o  as  00 

1  O  02  00  oo 

•  cccq^-^arxNOOoooacD- 


COOOcOOOO(MOC<I(MOeOt>-0»rtCOCO-rtlt^OO-M,-ll0^l005COt 
lOOSOi-^-^t^^COOOC^OOOCOt^iOOOOOlO'— icD-^cDOt^- 
C0C0(MiO0Ct:^00t~cOOC0-^00-<t<00-^Cnt^~»Ot~CC<Nl^v  -  -      -  , 

■<*<T-H05OM00C0t^iC'— it^CS-— lcOMCC>lO>--iiO-<*<CO-^t^OOCOT-lcgcO-5tl'-iiO--< 

^>oa30o<rqoOr-Hooiot^oot~OCT>oioccocoi-icocorti^^cooo»-i-«ti»o 

Ot^OOff0C<><rqoc0OOOC0OOOC^'lOC<IO-*OOOC0OC0OOO»0C^ 

1  ++ 1  ++ 1  + 1  + 1  1  + 1  ++ 1  1  +  1  ++++ 1  +  ,1  I  +++ 1 


05  0  03  0 
Oi  05  M  -ct* 
r-<  (M  ^ 


— <  ^       CO  O  ( 


lO  o  c 
O  CO  00  t 


xMiOr-HcaojOOt^cot^' 


iOt^cDO-<*i^kO»OiO,-iO-*I:^T-i'-ioO 


O        T-H  03  O 

<M  CO 

1 ++ 1 ++ 1 


o  o>  o 

+ 1  + 


OOCO»-l<-H,-ICOOOOOOOO'-lOCOOOOOO-<*t 

1 1  +  1 1  +  1  1  +  1 ++++ 1  + 1  1 +++ 1 


t— I   T-l  ^  C<1  ( 


COCv5COt~'*lTj<OCOOCD-<*(^»OCDfOOt^OO-*a3^-^l>.i-Ht~OOi-(OOOOCO^^ 
|C<lC0Ot:^>ra->*<C^'*O'— 1<— iTt<03'— ICO-<*10CDCO-*CO(MOC<103C00300 
■  <MC^C^lflO'Ot^Ot^t^>0-^CO(MCOOO-<J<000-^»0-*iO<NcDO»00>cO(M^ 
COCOCO'*^t^»OC<l»OiOlr^>OCOC00503COiO-*t^-<*iCOI:^COCOOOcO->*<0300'r— (CO 
C^Cf3»O(NOt~-CT>'--lt-.0000T--lC1C<ll0»0^00CvlO00C-1C^c0C0-rtC^l0»Oi--lc000 

o  oo  >n  i-iio -^i  CO  o  00  o  o  o  CO  ' 


oq  CO  .-1  T-( 

1 ++ 1 ++ 1  + 1  + 1  1  +  1  1  +  i  1  +  1 ++++ 1  + 


COOOOOOOO^OCOOOO^CO 

+++ 1 


^00-5t<C<lr^OOC0Oc0OOO(MOC»OC0O' 


.•^coooo5(X)coini«ococo<M 
-          -  '  lO  OS  o  r~  lO  (M 
o>o>oot^»o<M-*r^<N^ 
_    ..  —  -tti  o  ^ 


ICOcDC^CJCOOcO-^t^iOO'-ilOlCt^cO 

"   't?  ?P  "*  2        ?2  ^ 

'^OOOCCO^OCqO 


I  (M  CO  O       <M  - 


O'-i00O-<*iOOOOOOOOOOO00OOOOO'»fO»0OOOOOc0O 

1+11 ++++ 1+1 1 1 1 1 ++ 1 + 1 1 +++ 1+11 +++ 1 


lOcOlrtOOOcOCOmOCOiOCDCO^C^t^OOOOcOC^lOOS-^OOt^COC-^Ol^-^ 

ot^— icoc^jOJ-^coiioocoiocoo-'^ioas'^t^Oi'-Ht^^ocoooot^coo 

CMOC0C0a0i003<M-^<MOt^t^-^»OC<li0i— ilOCOt^"— lOlMOCOCOCO'— ICO 

■■-■)00a5T-i-r»<O5C<i-^»oio<>icocQt^G0c0int^r^cD-^-<*<>--iiocot^o>c^co 

T  OS  O  t— >-i  CO  O  "0  C<l       <M 1-1  >0  O -"tl  O  CO  T-rt  kO  O       O  l>- O 


O  r-l        0>  IM  C 

OOC<»T-(COOOO<-HO^OOOOOOO^OOOOOOOt-HO'-iO 

I ++ 1  1 +++++ 1  1  1  1 ++ 1  1  +  1 ++++++ 111  + 


•>#»Ot^OOOSTt<OOIr-»COOOC^> 

■*CD<MC<li— (»OrH-^Tj<Car-l(MC 


Ot^03C0<Mi-lT-cO- 


I  CO  O  CO  o  ■ 


)  CO  lO       00  CO  CO  I 

  .  i<Mcoocoor~' 

lO'*OOOOO05OOO(MOOO00O 


000000(MO^OOOOOiMOOOOOOOOOOOOOt1<0 

+  1  I  + 1  I  + 1  I  1  I ++++ 1 ++++ 11  I  1  1  1  1 ++ 1 


-3;OCOI:^moOlOiOCO-^0»OCOOOCO(M(MOOO-^cC!C00005050t^CO 
OOl— llOCOCOOO'-icOT-lr-icOcOCOCOcOCOOO'— iC^O3t:^O5-*CO00O>CO 
000»-^CO^a>(MOaOOO<MC<JCQOCOCOOOt-COCDOOOCOOt^Tti03CO 
>— i03COa303l:^iO,— iCOCOO'-iOOOOtM'— icOl— lO-^"— iC0iO03>-<05M' 
OMCOOOcOCOCO  ^00000<M'-'0'-iOOOOOOOCOO^O»00 

OC<)i-HO->*<OOOOOOOC<»OC<)0'-iOi-iOOO»-iOOOTt<0 

1  +  11 ++++++ 1  1  1 1  1 ++ 1  1  1 ++ 1 ++++ 1 


coc2^05Tt<Qa>t^t^oocsi(MooaJt~coioo»t~eoi«ocoiot~o 

2^-^g3<-(r^ift00-^O»(Mr^(M^<M-<*<(MIM-HO'Hrt.^^C^00O 
«»2TtHO.-i03rtCOcOCOO->*'cO-^T»<COc©CCOO<McDcCiT*tt--^lO 
OOO^OCOMOOiO<MiOOOCOCOl'!f<CO<M'-cO>OOI>-^cOO 
Ot^'^CO^r-iOO'-HO^OOO'-^OcOOOOOt^O^Ot^O 

oocooe<iooooooooooOT-io»-io^oc^o>oo 

+ 1 ++ 1  1  +  1  I  1 1  + 1 ++ 1 1  +  1  +  1  1  I  1  +  1 


92^ 


Geodetic  Survey  of  Canada 


+  1  I  +  I  I  + 1  I +++++++ I +++  I 


I  C<HO00  ICI  I 


>-<  CO  oo  o      ^  - 


I  O  C©  O  <M  O  <M  < 


OC>J«DUOICOOO'-10<OOCOOC<1»^»00'CO 
Oi^MOOOOOOOOOOOOO'^O'CO 

I  +  1  I +++++ I  I  I  I  I  I  I  +  1  I 


iooooo»oo 


I  +  I  I ++ 1 ++ I  I  I  I  I  I  I  + 


oobooMOOooooooooceo 


1  +  I   I  ++++  I   I   I  I 


+  I 


oooocccoeoi-ie^osouootoo 

OkOi-HC^qi-HOoooOOMOcoO 

oooooooooc  oot>.o 
I  +  I  I  I  +  I ++ I + I  +  ! 


llOC^<M-HOOOOO< 


OOl^OOO^OOOt^O 

I ++ I ++ I ++ I + I 


OOrHOOO'-iOtr^O 

I  + 1-  1  I  +  I  ++ 1 


CO  ^  OO  00  05  t 

+ 1  I ++ 1  +  I 

CD 

00  00  lO  (M 
r-i  CSl  O  00  ■*  1-1 
lO       <0  Tfi  O  <M 

lO  ^  05  cq  e<j 
O  •>»l  1-H  iO  CD  O 


+ I +++ 1 


I  + 


+ 


Adjustment  of  Triangulation  in  Ontario  and  Quebec  93 


^  o 

+'  I 


o 

I  I 


+  +  I    I  +  I 


CO  Cfl  CO  CO  ^  I 


r-iCOO>«CCJCO«5^« 


^  .-1       lO  IM  CO  t 


I  -^fi  Oa  O  O 


I  ++  I  ++  I  +  I  I  +  I  -K  I  +  I  4-  I  +  I  ++  I  +  1  I  I  + 


0>COC<IOOeOCOCOOOOO»005«00<3:0»COOOcO. 

00  CO  CO 00  1-1     o  oo     o  CO  o  o  CO  rH  o  o  e  

OOlOt^OO'O'OOOSt^lr^Oi— it^OCOkOOiOCOCOiOkOcDCOC^OOeOlOi— ICO 

ic>ooooa50o»oo>ococ^coo5cocot^c-acooor~.cooo-*co<3305(-~cqt^eo 

OcOCOCOi— lOCOCO"— lOC<IO(MOt~TtlO»i— (l/50»0(M<M'— lO<Mb-005CO 

oui^^l(^^ooooo^ooooocoocooc<^ocoooi0^ooooo 


+  1  I  ++  I  4-  I  I  +  I  + 


I  I  I  I4-+  I  +  I 


.COI:^C<10-^l^COt>"t— Tt<OOCOlOCOCOl-^OOOOOcOiOCOCSO^'— I, 

coeqooooco-'ticooocoo'Ooooiooir^iooi^ooio-rHc^ir^iraiocDt^'^o 
,-ii-HT-iiooca'--ioooo^t^Oioo^cooo-*ooc<it^oococOTt<ooa5oo^it^ 

OCO-4<CC>C^OCOOOOC^OrtOCOr-H(MO-^OOOCOOCOOOOC^M 
J-t  r-i  CO 

l  +  l  +  l  l  +  l  +  l  I  1  +  1  +  1+4-1  +  1  I  +++  1 


»O00C0OC0i0-rt<0300rtl-*00C0C0i0C0'*t~'— lc0O5t-~TfC000Or^l>- 

t^kO-'jtS^iocaiOcooocooscoc^T-iT+ioococ^oooscoioooojasOTti 

O  CO  "  *     "■   "    "    ~  ' 


_  ,     I  (M       CO  Oi  TO  00 

Ot^OacOOOOiOiOOSC^O:) 

<r<ic^c^ooco(McooO'-i'!ti 


lOO(MCOi-lCOC<l»COOt^Tl<00 


O  lO  kO  Oi 
I  lO  00  05  CO 
OJCOrfiiOOCnOojOO 


++ 1  I  + 1 


O00r-lT-HOC^OOOC0T-<OOOOOOOOC0.-HOO00C0 

CO 

I  +  I  I  I  kl  + 1  +  I  ++  I  +  I  I  +++  I 


N  OO  iM  O  OO  < 


iOOCOCOCOOOOOacOcOt^t^lO'-lOTt<COO-»*lOOOO>000 
iOO'-H05^O^03C0>-n0O(>J-*O>-(Tti00Ot>.OIr^O 


iO--iO'-^OC0t-<OO'-iO'-I'-<^OC0^OO-^-'*i 

CO 

I ++ I  l  +  l  +  l  I  +  I  +  I  I  I  +  I  +  ! ++ I  +  I  i  +++ I 


OS  lO  lO  CO  O  1 

t^OCOOiOt—   ----     -         -   .. 

tCiOlO-*t^cO<MOC^a>CO-«*IC^COC0050500lOCOcOC^COCOOO<N)CSIOi'H,-l 
■■  "  "  iOC<ICOUticDC<104003COlO-.^COO 


l03C^10505COO-^CO<Mt 


lt^OOC0C^C0OOO'-<O!MC0C0r-(»-<c 


O-*03i-iOOOOOOOOOO00OOOOO-*O>OOOOOOC0o 

I  +  I  I ++ 1  + 1  I  I  I  I  l  +  l  +  l  I  I ++ I  +  I  I +++ 1 


>C000OCOc0T-(COt^-i!f0500cO'<tl-«t<-<:t<'*C00a,— (OlOC^ir^COC^ 
lC0OO'0OC^00CDO05«C-*>000CS|0ic0t^0>'»*<00l0(MCQ«n 

■^c^05  0oc<jcocooooiO'-icot^c^b-05'-iooooc^05coioco»nooo 

 ^  .  ^   lOO^Ot^OJOO^ 

I  O  O  O  •-I  CO  o 

+  I +++ !  +  I  I  +  I +++ I ++++++ I + 1  I  +  I  I 


COCOO>OOCOeOCOTtlOOiOKC'*COCOC^>-lOOcOTj<OC<l<>5C<l<M'!t<OOCOO> 

(Mt-ost^o-^t^cooooococooooj— HOOc<iT*<TaHioo5ioa20-*i-*i-ioo 

-^lO"— iC000COl:^C0C0<rar-<ccliO<NC<l»Ot^C<I'*i0C0»-<00OC0<>5Ort 
OC<I'0t^l0OiCC-qc<IO00O«OO->*IC0C0i— lTt<005C<l'— 11— lOC^lCOO 
OrJiCOi— I,— iOtIHO'— lO(MO-^0000005000<MOOOOOO 

oooo(>aO'-^oooooc^ooooooooooooo-4<o 


+  1  I ++ 1  I  I  I 


I  +  I  I  I  I  I ++ 


O  CO       <M  O  I 

00  Tti  05 I 

(MOt^OC^lCO-^t^-^COCOC^t^COOcOtMOOOiOlOCOcilCncOt 
iOt:^iOcDcDt^OI>.>— (COOOIMt^C^'dC^C^rflOcOt^iO.-H'— lOCO 
OOt^Oc0003<MOOCOOOOOO-^0'— lOOOCO<r<IC^<-iiOC^ 

oiocqc^ooooooc^O'-HOOoi-iooor^ooOTtio 


I  + 1  I ++++ I  I  I 


+  1  I  i  + 1  I +++ 


'*lTj<OOOoO'-l'OT-l-<tlrtT-<CO'-l05COU5Tt<<33000' 
lOCO^t--iOCO<>50>CO'-H'— l-^OQOSO'— iCsOllO^rffCOOOC^ 

—  —  —  —   "  ~ I  CO  o  »o  kO     a> '  "  


OC^t^OOO'-H'— i'^OOOOOCOr-c( 


I  o    o  <-<  o 


OCqcoOOOOOOOOOOO-rtOrtOOOC 


I  ++  I  I  I 


I  + 1  +  I  +  I  I 


94 


Geodetic  Survey  of  Canada 


I  00  05  <M  CD  ' 


•  O  00  <M  O  C3 


o  <r>  o  o  CO  > 


I  +  ri  I  ++++  I  ++  I  +  I  +  I  +  I  I  +  I 


C0<M05cC>0000l0!O-HC0-^00'OO-^»<cOlCt^00C0 

Ocri<>iocioooo.-ir-<o».0(^iTj<T-ioot^o 


+  I  I +++++ 1 ++++ I ++++ I 


CO  CO  »-<  CO  05  (M  O  I 
CO  <M  O  CO  05       CO  C 
lO— i^(MOOOO-*t^COt 
05050Tt<Oxt<t^^CO.-^I>.CSl-^00-*l-^lO->*l 
iO'-llOO'-<'-<'-l»-lcCl-ctlCOOCO«DlOCO»f5C^ 

o  

•  ■'tiOOOOOOOOOOOO'-iOOO 


+ 1 +++ 1  +  1 l  +  l I  I l  +  l  +  l 


r^lOt^OOO><OOOOOrHCOCOr-Ht~-lOt^CO 

— it^O'-i'*coa5eO'-<co-^ot^t>-coo 

COlOOOlOt^t^-^OC-^t^— <coocot^ 

00  »0  "-I  LO  lO  o  <  

O  00  CO  O  '— 1  CCI  t>-  ' 
O      rH  o  O  O      O      O  o  o  O  O  o 


+ 1  ++  I  I  +.  I  l  +  l  I  I  l  +  l 


cDt^-*-^eoc^-HCOC5cDOb-oo-H 

Ot^OOt^OOt^OO-rt^COOrtlO'-l 

coioc5rtT-ior^c^cort<0500302 

i-HioCO-HCO-^C^CO-rti-iOOt^OO 

+ 1 +++ 1  I  I  l  +  l  l  +  l 


03'— IC0t^OO0500l005<0t-. 

(MOO^r-icc^-H-^coot^o 


ocortocooooirqoroo 
oooooooooot-o 


+ I l+l l+l +++ 


OJiOCOOlOOOOOt^OI 


++ 1  I ++++ 


cqr^cO'-HOt-iTHOo 

^O0xti000»-<t>-0 
000500500<OiO 
<Nlt~C^(NICOt^00iO 

+ I l+l l+l 


rt<  O  CO  (M  >0 

CO  OO      05  oo 


O  (M  r-H  O  CO  ! 


+ I +++ I 


O  CO  CO  o 

«  ITS  CO  ^ 

O  ^  oo  t— 

t-H  05  O 

o  «5  O 
oot^  o 

I  ++ 1 


Adju&tment  of  Triangulation  in  Ontario  and  Quebec 


95 


CO     01     n  oo 


+  I       I  + 


I      +     +  1 


<  00  05  O  00  ( 


I  ++ 1  I  + 1  ++ 1  ++ 1  ++++++■ 


>l05O05-*OrHlO»r5O»000O 


>(M0OO0»HOOt-— <COlO-*M< 


(t^C5C^lOOt^000001tMOO-*COiO-*0 
— i050>00<MC5(M02t>.t^O^!M»OcOCOTfH05'-HCilOC<'3lOOOOOOO 

 ..  _  ..   ■■  — -.oo^o-^ocoo 

—  -  .  O  t-  O  CO  o 


•OO-*lO^O00OcDO-<*<rtC 


OO'-HOOO'-iO: 


I  O      O  C<1  o  o  < 


'  <0  O       O  CO  O  I 


000000<MOOOOO-^0-*0(MOfCOC5000000< 

+ 1 +++ 1  I  I  1  +  1  I  +  I  +  I  +  I++I  +  1  1  +  1 


ooo^ooocoooomt^i 

OO-^COCOCOOxCCOiOOt^OCOt^tOC^OC^'-lt^CO'-iC^.-lCO'— I- 


)  kO  I>-  O  O  I 


iC2lOrOlOOO<MOO 


+  1 1  I  +  1 ++ 1 ++ 1 


I  1 1 1+++  I 


I  CI  00  ot  o>  00 


lOSOOlOOOOOOiOMi 


0^-*Ot^O'-iOlMi-iOO»C(MO^OO(MOOO'*0'-HOgC<l 

1  +  1  I  I  + 1 ++ 1  1  +  1 ++++++ I  1  1  1 +++  1 


r*<  00  CO  00  O  ! 


0'-<C«3000'-HO'-i^OOiO<MC^OOC^OO^Tt<i-ioOOCC 

CO 

1  +  1  1  1  +  1 ++ 1 ++ 1  +  1 ++++ 1  I  I  1 +++  I 


•^OCOOOt^lO-rtHO- 
0>-^<MC0t^t^05t^> 
t^Ol-^C^T^COrHcqOcOiCOOcO'*' 


'05C0OC<lT-i>0OC0 


O^OOOOOOOrtOCOt^i-iOOOO-^O-tiOOOOOO^ 

+ 1 ++ 1  1  I  II  +  1  I  +  1  + 1  II ++ 1  + 1  1  +  1  1 


«DOOOI>.COlOlOrOCO'Ht^T^(MOOO'rt(^U5C 


ico05-^cq.-Ht^»ooooooi-i 


I ++ 1 ++ 1  +  1  1 ++ 1 ++++++ 1  +  I  I  +  1  + 


O      1-1  O  -sti  o  ■ 


OOt^l^-^COCOC^'-^— i<MCO.   

"fOOOOOOsOi-HOtMOOOOOO 


OOC<IO^OOOOO<MOOOOOOOOOOOOO- 


I  ++ 1 


I +++ 1  +  1  +  1  I  1  1  + 1 ++ 1  +  I 


t^t^lCOOlO'^tr^OOO^CO-'tit^TtnCCOi-lOCOCOOOOlO 

lOcocot^cooicor^occoosincdocoiocviTtfiocooDcocjso 

00t-C200<MO00U0OOC0i0-*l<MOrt-*l^0>CSl.-^00  00-H 
i:DC<ICO->i<OOt^-^CO^OOO<NlC-<03t~-00500iO-HCO'--OOCO 
OOOt^©'— 11— lO<-i-<Jt'>*i050»Ot^>-lTM-^C<IO'-iCOCOC^CO 

+  I  +++  llll  +  ll  +  lll  +  M  ++++  1 


Geodetic 


Survey  of  Canada 


oooooo^~»-|■«*^eot— ■^'-<iot>'-^o>»-iot^-»»'«o 

OOOC^0050^0r^CS«'-l-HCO>-<tO<MTtl(MO-H 
e«5  O  OOO  CCt--e>^^<M05C><McO«D>«0^00'-l 
OC«500^0-^0^0«OOCOO-«l<0-<l*OTftO 

OOOOOOOOOOOO^O^OIMOIOO 

l+l+l+l l+l l+l 1 1 1 1 l+l 

Sum  -  Check* 

0-0 
-1-1 

-0-5 

-0-3 

-0-1 

-1-2 

+0-7 

+1-4 

-0-4 

-10 

-0-1 

+0-2 

-0-009290 
+0-07182 
-0-22594 
0 

+  1-30648 
+0-01679 
-0-09175 
-0-00246 
+0-16294 
-0-00058 
+1-83486 
+0-00515 
-1-29790 
-0-01471 
+0-19303 
-0-00052 
+6-67969 
-0-00067 

Check 

-0-088960 
+0-68775 
+5-76316 
+0-00004 
-11-08131 
+  0-16074 
+  6-74893 

-  0-02360 
+  9-65974 

-  0-00558 
+  4-80478 
+  0-04933 
+12-38071 

•     -  0-14085 
+14-32938 

-  0-00502 
+18-83295 

-  0-00639 
-20-45766 

-  0-02669 
-14-51962 
+  0-01638 
+  9-22336 
+  001196 

-0  007299 
+0-05643 
+0-60337 
0 

-0-03943 
+0-01319 
-0-21608 
-0-00194 
-0-35043 
-0-00046 
-1-03527 
+0-00405 
+1-19438 
-0-01156 
+5-30468 
-0-00041 

-a 

+0-274405 

-2-12143 

+0-11043 

-0-00016 

+0-03738 

■  -0-49583 
-0-18149 
+0-07281 
-0-26808 

■  +0-01721 
+4-22880 
-0-15217 
+4-07863 
+0-43447 
+2-65136 
+0-01548 
+3-25168 
+0-01971 
-9-37472 
+0-08233 
-0-79932 
-0  05052 
+0-74808 
-0-03690 
-0-58213 

-0-204798 

+1-58330 

+1-36925 

+0-000086 

-0-36285 

+0-37005 

-0-87743 

-0-05434 

-0-35847 

-0-01284 

-1-53452 

+0-11357 

+5-32661 

-0-32426 

Side  4 

+0-098462 
-0-76121 
-1-89296 
-0-00004 
-4-98465 
-0-17791 
+1-90883 
+0-02612 
+1-54801 
+0-00617 
-3-28564 
-0-05460 
+2-96939 
+0-15589 
+5-05331 
+0- 00556 
+1-39380 
+0-00707 
-3-44519 
+0-02954 
-3-78061 
-0-01813 
+1-08488 
-0  01324 
30-63835 
-0-07495 

+0-071729 
-0-55454 
+0-51258 
-0-000030 
+0-90591 
-0-12961 
+1-01287 
+0-01903 
-0-15807 
+0- 00450 
+3-89647 
.  -0-03978 

CO 

-o 

00  O 
-HC<l(M-<l<t-aJC<lTti^t^O'^00050^»HrtiCOC005050»MCO»0 
•rt<t^-<»<OC0C^i0C^>.f5OT-<OCi0-^Tj<Ot^t0C00SC0l0'CC0t0t-- 
«5<MTj<Ot^C<lOOOTt<?OOCT>000'OcD»Ot^O-H05CDOO-*IMOO 
O(MC0O(M0S'0C-at^O-<*<l0i0t0l0OTt<Ol0C0-«J<'-iC0-H^O 
rHOOC^lOOOr-iasOlO  0,0  0(Mi-lC<lOt^OOOO»00<— lO-^  - 

OO'4<OOOOOOOC0O^O'HO-HO^Oe»SO^OCT>? 

+  1  1  1  1  1  ++  1  +  1  1  ++++++  l  +  l  1  + 1  ' 

-0  008111 

+0  06271 

-0-14336 

+0-000003 

-0-38179 

+0-01466 

+0-30274 

-0-00215 

+7-32679 

-0-00051 

Side  2 

+0-891769 
-0-70947 
-3-69028 
-0-00004 
-6-23320 
-0-16582 
+0-24685 
+0-02435 
+0-98194 
+0-00575 
-3-00181 
-0-05089 
+0-93129 
+0-14530 
+1-78583 
+0-00518 
+2-03372 
+0-00659 
-1-74801 
+0-02753 
1  +3-74069 
-0-01690 
+0-98422 
-0-01234 
26-46791 
-0-06511 

-0-034320 

+0-26533 

+0-13226 

+0-000014 

-1-59721 

+0-0620 

+6-85548 

-0-00911 

Side  1 

CO-*T-<in<NOO>OiO-HO-H-^OlM--iO»COO(Mt^— <05l.'5t--t-- 
OtO<DO>rt00C35-<*<T}<O5— HOSCOOt^r-lOO<MOOlOC^lT-iOa>rtOO 
COTi<iOOlCt>-»OCO'»<l:— C<IOC005POt^00030t— e<icocoococ^ 

cor-t^ointMococqo^cD-^oioOTitooocooiMO-Mfoeq 

»-HO(NO-<*tC^OOC^OOOlr~'^00Oa>O»-"OC0OOO05^ 
000000^0005000000Tt<OTt<O^OOOcOO 

+1+1 1 1 ++ 1 ++ 1 l+l +++ l+l 1 + 1 ^ 1 

+0-233722 

-1-80691 

+1-52382 

-0-000098 

+6-63122 

-0-42231 

Absolute  term 

+0-169825 
-1-31292 
+0-96831 
-0- 00007 
+1-82878 
-0-30686 
-0-95354 
+0- 04506 
+1-07988 
+0-01065 
-0-09952 
-0-09417 
+1-77729 
+0-26888 
+0-64422 
+0-00958 
+0-29187 
+0-01220 
+0-41163 
+0-05095 
-1-32771 
-0-03127 
-1-68681 
-0-02284 
24-30413 

+0- 000054 
-0- 00042 
7-59114 
-0- 00000 

^ 

0500C0'-l^C000(MCOOC0ifiC0-«J<'— 00  00l0O<M»O--C^-^ 
CO-^000-<»<"5CO»0^iO«005>0-*0>IMC<)-*iC^t^C^OeC 

t>.-*t~-ooo^'^->*<to— "OC5<32t^t^o-*'-Hr^»ococ*JOC<) 

-HCO>0005rOCOO"-30000C<>000000~000 

0'^'^o-cj<ocoo-^oooooa50-^o--Hoooooo 

00<MO^OOOC^OOOOOOOOOOOOO->*lO 

+1+1 1 1 ++++ 1 1 ++ 1 + 1 + 1 + 1 1 + 

+ 

,_^,}^^.^J^CO_^^^^t^OCO— lO>OC<l-«»<I^  —  ■«l<-«tiirtO0 
00'-iT»<Ot^O>OCC-<*<->*<X'!MOOt^OOrC30t^C^— <OCfO 
CO'^OOO^COOCOOi— it^CO— ^t^^-^CD^Ot^t^-Tlt 
(MOOOOO-^TfOtiOCJOO  —  t^COOO'J'OiOOi.'^O 
O— it^OOO03OC2OC^O>.0O>i'5OC;O«DOOO 

OOOO^O^O-^OOOi-iOOOOOOOCOO 

+I+I+I l+l+l 1 1 +++ 1 ++++ 1 

Adjustment  of  Triangulation  in  Ontario  and  Quebec 


97 


  ..   ■  — I  O  <M  O  C<)       OJ  t 


0>  lO     lO  •«*<  cc  c 


OO'-hOOOOO^O-hOOOcOO 

+  I ++  i  ++ I ++ I ++++ I 


iM  r*<  t-  CO 
"  ■  00  OO  05 
IM  00  -"tl 
00  O  o 

l  +  l  I  I  I  l  +  l  l  +  l  +  l 


OOCClOt^COCOt^MfMCSOTtt 

I ++ 1  I  I  l  +  l  l  +  l 


IOW5C000050510COCDCO 
r^CqcOCSl'— loocOOXO'"*' 

OiOt^^OO^OOOO 

OOOO'HOOOCCO 

I ++ I  + 1  I ++ I 


00  «0  CO  00       O  00  ' 


0<-HC«iOCOOCOO 


oooooot-o 

+ 1  I ++++ 1 


<M  <M  lO  CO  CO 
t-,  oq  kO  50  CO 
^  CO  CO  o 

O  rH  lO  O  OO  O 


++ 1 


CO  l« 


)Ocoiod-Hoo-<*<<__^ 

)C^>0iMO'^O»000C0C0<M»0IM( 
.0»'-lt^'-<>«'-<OOCO<MOCOTj<00' 


I  IM  CO  00  >0 


I  I  + 


O   •  O      O  (M  .-H      O  00  o  o  o 

,-++1+1+ I ++7+7 


l  +  l 


(Mt— lOCOOOC<lt^OOCOi0005-^'©0500050-*»OOOfO<MO 
iO<>»Tt<'-<<OOSOOOcD-»tl'-HOOOOt^CO(MCOC-QOO-<*<-HCOC^O 
■^OOOC^OO— <OCSCOt-~C0OSCO00-HC0C^^01  —  1— iCO-^ 
.-H.-nOfMOO'OOIr^O^-HCOOt^OOO-^— <  —  COlOO 
O'-i'*<Oi-iOC^lOOOiraOc0O(MOC<IO00Ot-OOO 

00000000'<*0'4<OC<)OCOOO»0000000 

l  +  l  I  I  I  I ++ I  +  1  +  I ++ I  +  I  I  +  I « I 


iO(MCOlC»O0000»O-*. 


<05cOt^COCO>OCO-*C^)C^  -  -  -  _ 
100'— ICOOOiOOCO-^— (COO"— IT»<< 


OOcOt^!Ot^'»ti"5->*Tt<OTt<00  —  C^l 
MTj<OOTt<OOCOCOOt^cOcOOOl>-0 
H000050»OOOOCO-Hl--t>.Cl 

—  •"fiO'OOto— ic<iOi05t^cocor^ 


i  -Tfl  O       ^  O  lO  C 


Ot-(iOO'-iO»-^OCOOCOOiOO-hOCOOCOO-h0030 

+ 1  i  ++++ 1  I ++++++ I  I  11 +++^ I 


■iOCOOOOOOO>«COcOirt 
lC0O-^T-i0500(M(MC0O 

•  cot^OiOiioasco-Hcococo-^fOooooicooc^i 


0-*l~-OOOOOCOO' 

+  I  I  +++  I  I  I  +• 


'-'Or-lO-^OCOO-H,-ICOC^) 

■+++  I  I  I  I  +++^  I 


C0C<IC^C0OO0JOJOl:^0500r-<(M^-*00lOO50000— '005 

>— icooi^c<icococot^^iOcoococooo-*MioiMoocO"<tia; 
C00050— ^tit^aiCMOico'OT-icooasootr^cO'-tooooco 


)  05  CO  c 


iCOt^C<I00500C^OCOI 


OCOCOOOOOOCOO»-iO»-<OiMO^OcoOO-HCO.-H 

+  I  I ++++ I  I ++++++  MM  +++^  I 


ICO  cn  ^  <M      O  I 


)!OdOO<M-«J<C5COOO 


■  C^I  lO  o 


tOOCOl003-^cO>O^^OOC005CO--t^OOaDfO>0000500' 

cot^oomcoo-^ooo^-^tiTtH-^MiooTtio— <c^jt^t^oO' 

OC<lcOOQOC^OOiO>000000>0--<0'<*<000'-i< 

l  +  l  l  +  l  I ++ I  I  I  I  I ++ I  +  I  I  +  I ^ 


■  COC3CnoOt-~CDOCOr-<MOOCOOO«OlOCO 


I  in  fM  o  CO    '  c 


.  OO  lO  >0  C!2  lO  O  ■ 


OSiO^OOOO-HOOrtOOCOO-^OC^— 't--'M 

I ++ I  I  I ++ I  l  +  l  +  l ++++ II  II 


OOlOOacOCOCOlO-'*"— ^'S'COOOcOl   

(M'-<iOTtlC0O'*<OO'-lOC0C3'-H^O-HOO<M00a5 

oc^'^ooo(^^ooooooooooooo'i<o 

l  +  l  I  +  I++1  l  +  l  I  I  l  +  l  +  l  l  +  l 


CO  CO  —I  CO  02  - 
00  Tj<  t--  !M  -H  ( 
CO  00  CO  00       CO  I 
O  00  CO  lO  C^l  -H  (.  . 
1— I        05  »-H  C2  O  Oi  C 


i-<*Hcooc<icot~-cor^ooot— oa 

10!>Jr-HtM-HCO-<-:}<COO-CiOO 

ico^cqoo<M>ocot^ooco^ 


OOOOr-<O^OOO^OOOOOOOCOO 

I ++ 1  i  1  l  +  l  I  I  l  +  l  I ++++ 1 


57105—7 


98  Geodetic  Survey  of  Canada 


I05  05C»000'<*<0010 
•icOtOCiOSCCiOl-- 
)  OO  — 1  >C  C<l  »- 1  <~ 
1  CO  <M       QO  CO  t~-  < 

Oi-iOO^OOO'-'OOOOOOOeCO 

+  1  +  1  l  +  l  I  I  1  +  1  I ++++ 1 


00000000»-iOT-iO(MO>rtO 

l+l+l I l+l+l+l l+l 


I S  (M  S  5  o 


ICO  o  -5  O  00  <_ 
00»-iOOO»-iO^OOO<£>0 

I +++ I  I ++ I ++++ I 


lOOlCOCCOlOCOt^OO^i-i-* 
CO  lO  CO.  CO       0-05  CD  05  O  CO 
cOOStr^iOOO'*'— icOCOcocOlO 
■.^CO-^^COT-Ht^.ot^'rr'lO'— I 


+  1  I  I  l  +  l  l  +  l  +  l 


■  lO  CO  CO  lO  CO 


000000'-HO-<tiO 

+ 1  I  I  l  +  l  l  +  l 


O5cocococ<i»nc^c<i 

O'-HCOOOOOOO 


OOOOi-iOCOO 

+1+1 +++ I 


00  03  lO  o  t— 
CO  o     -    o  »o 

r-<  CO  rH  TJH  Tt<  <M 
O  CO  r-l 

o  CO  »n  o  00  o 
o  o  1-1  o  CO  o 

I + I ++ I 


O  CO  03  o 
OOuOO 

+  1  +  1 


ilrt0CC-1C0lM00C50;i0O'«t"(MC0C:l 


03000>0 

OOCOOOOO-.OOC^JiOIMinOt^i'IOOOC 
COCOt^^-^-^-^'^OOOClOOO  —  lO^Ot^O 
COCOI^»0(MOC0050COCOiOC5^C<ICDO«OC-. 
COt^O"<*<OTt<->*<'-i<MT}<00-^C5C<l-<f^^iOiOCO 

»-H05<MOC0O'^O^OC0O0COOO»0(Nt^C0 

I  +7++ 1  ++^:+q:+qf:  1 7  1 7++ 1 


>0003OO00CS-^-«*<00C0t 


oa     c;  C2  ic  ■ 


I  CO  CO I  00  (M       O  fS  CO  CO  »->  C:  00  00  CO 

C060O'-<OOC:-2lC0«00rt->*iiO^-<*'^-<l<C-. 

i^^iDOOi-^io-Hr  


O  '-^  o  o  o  ■ 


:  O  CO      OC  10  < 


OCOO(MOC^OOOOCOCO< 


oooooo-^o-*oc<iocoooiooooooo 

+  1  I  I  I ++ 1  +  1  +  I ++ 1  +  I  I ++" I 


COCO^lOCO->*<COcO-*CSCOO;COOOClt^TfiC<MOO(M 
C0-*cO^0100-«<00I^COC0C0lCt^C<IO— •OlOOOOOO 

00  IN  O  I    "~  '  


0^-<*<O^OCOOCOO"50'-iOCOOCOO^OOOO 

I  +  I ++ I  I ++++++ 1  I  I  I ++ I ^ I 


>OOCOC<)OOOOIOOC<MOO  — —  o 


OOC0O^O(MO(MO-HO-^O^OC0O<MOr*<O 

+  1  I  1 ++ 1  I  +  I  +  I ++ I  +  I  I ++^ I 


TtiOC5^0C2COTtit^OCOCOt^C<lCOC^^OC:iCt^t>- 
COOCO-^lOCiiCOC^irOCOiC-itiOCt^iOCOOC-rtiO-^O 
iOOOOC(MiOt^COOO(MCO'*iC<IOCT>OlO-*C2(ico-^»0 

c^T-HiorfcocoO'— ■<j>-»<00Tf<co«co— -r^rocM  — 

T-lOcDOCOOOCCSt^OOOCrsOt^OCOC^lOMO-H 
OOl0OOOC<lOr^OIMO-^O^OC0OC<JOl0C> 

1  +  I ++ I  I ++++++ I  1  I  I ++ I ^ I 


uOCflCOCOCOiCOOUSCOb-OSOCOCO-'J'^-OOiCcDOCO 
00C000t^iCI--'C'-<c005i000C0l0-«tiO»0C^COO^-^ 
oO'-ioocr:-^oocOrt<cooocc:iO-3<»ccOTtiir;oc<i  —  CO 
cvi— icoocoocooc;ooocoo-*'Ci'^if;c;t^t^o 
OC^t^OOOC:Oi--;O00OC-.  O' 


c  c  o  —  o 


OOOO'-iOiOOOCOO-^O't-O'— c^co-vo 

+  111 +++ I  I  1  1  1 ++ 1  +  I  I ++^ I 


I  oc  — I  >c     c;  — •  > 


O  —  »^OOOOOt-hOOOOOOO-^0"0 

I +++ 1  I  I ++++++ l  +  l  l  +  l  I 


<  CD  (N  05  00  IC  ■ 
cs  —  c^*^  —  ceo  —  —  —lOO' 

I  +  I ++ I  l  +  l  +  l  +  l  I  I  I  I ++ I 


Adjustment  of  Triangulation  in  Ontario  and  Quebec 


99 


mo 
I 


I  I 


•  0«OrtlCOO>COOOCOi-li/5c«3iOO!M' 
.COobo»^^T}<0'-HOTtlOOO<M'-l'*0 

+++T++ I ++++7+T++ I 


O  ti 


>.-l(MO-<J<000"5tlOOO(N0030t^OOO 
>OC0OOO-<i<O-^O<>JO(ioOOOOOO 

- 1  +  I  I  I +++ I  +  I  I  I  I  I ++^ I 


r~-O^C^^COQOOOCOCOt^iOCDC^O'-l03iO«5CO 

I  +++  I  +  I  I  ++++  I  +  I  +4-  I  I 


t^ioooocc   .  .   

OOlOl— iiOOSlOiOCOCQOlt^-^OsOiCXJiOfO^'— IIM 


Ot-HtmOcOOC^OC^O^Oi-iOCOOC^OCOO 

I  +++  I  +  I  I  ++++  I  +  I  +4-  I  I 


lO  1-1  IC  ( 
»0  »0  CO  C<I  00  - 
CO  t>.  O       IC  I 


O  O  r-l  O  "5 

I  +++ 1 


+  I  I ++++ I  +  I ++ I ^ I 


<M  CO  OS       30  < 

»o-»t<^-^rt<fo>reioo-rj<t^coTt<coo>oor^c<itDio 

--I  0  05  Of   —   _  ..  


•<M05»MCDr-H00.-0^O-*C^OO— <— I 


o^-*oo 

I  +++ 1 


oioooooo^tiO'-Hooo' 

++ I  I  +  I  +  I  +  I ++ I ' 


.Tt<»CCOOTt<0000-HCO- 

I  (M  03       00  O  <^5  

I  --H  00  CO  00  o 
1 o  — <  1-^  c-q  CO 

I  02  CO  O  CO  IM  <M 


COCOCOOOO-^1— i05i5tlCC|t~ 
■«tic<icoc-^coiOco<:o<iDcoc-q 
rtCs^cDOTt^O-HfMCOO 


O  O  O  O  .-H  o  o 

+  I  +  I  +  I  I 


OrHO 

++ 1 


OOOOi-HOtMO 

+  1  +  1  I  I  I  + 


■  O  M  t 
I  CO  CO  05  < 

>  O       -"tl  O  ! 

>  O  00  O  r-H  O  ( 


CO       O  O  C<1  --H  CO  ( 
OOOlMO-r(<OCOO 


>  O  r-l  O  O  C 

+  1  +  1 


00  o  o>  ■ 
ot--coc 

(Nl  00  o  c 


■  C<1  CO  O  CO  --H  CO  lO 


I  CO  f^  05  oo  ■ 


>  Tt<  t-^  lO 

>  00  CO  !>. 
'  CO  CO  lO  t-- 


O  1*  i<*<  < 
o  o  < 

+ 1  1 


)  CD  O  CO  . 
>  O      O  tH  O  ( 


oiooo-^cooscoor^ioi 


•  CO 


>  CO  05  lO  lO 


O  C 

o  o  o  c 

+ 1  + 


I  C^l  ^-  OS 

•  CO  >o  CO 
>  o  o  o 


++ 1 


O  CO 
O 
OJ  O 

lO  o 

+ 1 


a3CoosTt<co(^oooiO'— I 
t^cocococococot^ot^ 
i^^rjicococoO'— losos 

CO-«l<cO^0O'-iC-1rtlCOC<I 

rHOlCOOCOCOLOr-lt^rt 

OOi-HOOO"— lOTflO 

+ 1  I  I  I  I  I ++ I 


T-^COOOOOt^-HlOt^ 

cocsco>ot-~-Mcqo5 


I  O  CO  CO  00  i— 1 


O         r-(  O  lO  O 

+  I  +  I  +  I 


o  o  CO  o 

1  +  I  +  I 


+  +  I 


o  ''i  OS  — !  c  _ 
0'-ococooscoi~-t~T)<t^ocoaocoo'^ 
cot^'-'coi-HO— i^i— loosr^iccoos'o 

00  00C000t^C0»OcOi/5CO<-iaD00iOOO1 
COOOOCOCO>OCOCO-*OOcOOCO"*lO 

I  '^T  I  + 1  +++ 1 7+7+++ 


CO<MOS0003»00< 

t^cot^oo-^oscoro- 

^oo-<iHioosot^ooco>racococoint^-^Tt<i 

~    ■  O  OS  OS  iC  rt<  CO  ■<*< ' 


OS  CO       CO  CO  C-1  ■ 


>  CO  •— I  < 


T}"       O  O  CO 


OCOOO"*'0-*IOCOOOS^OOOOO^ 

I    I  I  +  I  +++  I  I  +  I  +++'^  I 


I  00  O  >— ■  OS  CO  c 


iCOCOOCO-»*<cO'-iO< 


•>**OC0OC0O'0OC0OC0O'^O00O 

I  I  I  I  +++  I  I  +  I  +++^'  I 


OOCOCOcOOSuOCOt^C^COOCOCOiCC-JC^JOO^ 
■^lOiOCOOOcOO—'OiOOSOOCO-HC^JOO'-i 

 ..  -.^coSr  ■ 


COCOOSCOOS-^COCOCOOt-' 


O<-l>0OC^)OC^O^O'-^OC0OC0Or0O 

I    I  I  I  I +++ I  I  +  I +++^ I 


cococD'-Hr-r^coOooiOcoos 


COOSiOCOoOlOOOCO' 


O-Hi0OC0O'-lOC0O-HOC0O'-lO->*iO 

I    I  I  I  I  +++  I  I  +  I  +++'^  I 


1  00  Cfl  CO  O  O  < 


(O— <OrHOOOO'*'-l'-HOOO-^CO 

I  I  + 1  I  +  I  I  I  + 1  +++'^  I 


coioocooot--'0-HOsoiO'*i-<tiai 
r~.osoosos>ot^io-ct<uO'-i— I-— ICS 

■>tllOOOOS^C^OSCOt^OC-]t^-*OiOcO 
■■CSioiOOSC«0  00  >00300SOCO-<*<COO 
-  —  -        -  "lOCO-H-^OCOO 


O  S  ^  C 


OOi-^OOOt-cOOOOO-hoCOO 

I  +111 +++ I ++ I + I + 


jOSCOOOcOiOOt— iOCOOOCO-<*'COC5-H 


O  O  ' 

+ 1 


'OOOOO—IOOOOOCOO 

+  1  +  1  I  l  +  l  l  +  l  +  l 


I  >i:>  o  OS  T-H 


lOSCO'-HOCOO'— iCflOlCl 
OOOOOOCOOOOOOCOO 

+  I ++ I  +  I  I +++ I  +  I 


,TtlOO-*II--.Tt<-^T^-<C 

lOSOOOTjtcOiOCOC 
lOCOcOCO-^lOOOOC 


O  C»  c 

+ 1 


(rtcooooo— <roco 

I— <T)H-^COCO-^COO 
1  C-1  O  O  O  O  O  C-5  O 


COCOOSt^COCSl-^CO 
COt^OO-*"ct<CSCOOO 
1— lt^C00300000S-<J< 


O  CO  OO  >0  00  CO 
OS  OS  OO  CO  CO 
O  CO  OS  O  -<f  CO 
CO       OS  00  CO  C-1 
CO  00  OO  CO  CO  lO 

o  — ^  o  o  CO  o 

I ++ I + I 


CJS  CO 


CO  CO  CO  Tj< 

O  >0  CO 
CO  CO  >o  CO 


o  >oo 

I  ++ 1 


57105— 7i 


Geodetic  Survey  of  Canada 


§-cj 


I  I 


I  I 


+7  I ++ 1  + 1 7+ 1 ++ 1 


(M00lC'-<03iCC0»003l^OO'— lOCOCO 
O— <C«5O>r5O<MO00OOOOOQ0O 

+  I  +++  I  4-  I  1  +  I  ++  I  ^  I 


CO  S5  O  <M  CM  ( 


c  IC  O  «0  00  O  CO  C<5  < 


O'^C0O-«i<O>0OC^OC<»O^'-il^C<5 

+  I  I ++ I  +  I  I  +  I ++ I ^ I 


r-<CMTflcO«DC«lOCO^- 


— <  CO  to  I 


^«OCOOCMO'-lO^OCMO(M(MCOt^ 

+  1  I ++ 1  +  I  I  +  I ++ I ^ I 


00-<*<OCO(MOi0050--<>rt<OOOC<100 
COCOC^C^liOOiiOOOt^'-iCOt^OiOO 
I  CO  CO       Tj<  00  05       CO  1^       CO  so 


1-H  lO  i 

+ 1 


I  o     o  CM  o  ' 

++ 1  + 1 


I  O  C-l  O       C<J  Tt<  to 

+  I  ++  M  I 


CMOOt^CM0050"^CMOO«5'»l<t-CMOOO 

i^'^oin-'tt^c^icn.-iioasiomocMco 

OTT^C^OiOOOt^lCOOOt^O-Ht— 03— I 
00C^O»O05C0Of^OOC0Tj<O»-it^-^ 
CM>OTt<.-H'^OOOCM^>Crt--clOC<l-«tl 

O-^'^OOO'-hOCMOOO^OOO 

+  I  +++  I  I  I  1  +  I  ++  I  I 


'  Tt<  O  CO  r-i  CO 


I  O  "O  O  •«»<  O  CO  ' 


-HOO^OOOOO^OCMO 

+ 1  I +++++ 1111  + 


•^C<I050COCMOOC005COOO>— iCM-H 

'-IIO00CM'- iiooioi— ir^CMiocoCM 

—     ■  -    -  ■|,OCOcO'-*« 


O-hOOOOi-iOOOOOCOO 

+  I  I  +  I  I  I  I  I ++++ I 


— <  O  00  ^ 

C<l>Ooat^cO-Ht^C005< 

05oocOTi<a20qc<icM-»ticoTt»T}< 

OTtli-iOT-HOCOOCMOI>-0 
OOOOCMOOOOOC^O 

I ++ 1  I ++++ I  +  I 


■  -«tl  CO  00  lO  CD  O  • 


<-<  o  CM  I 


1  OS  lO  C-l  CO  CO  CM 


I ++ I  I  +  I ++ I 


-*iiOOCMCOt^CM^ 

+  1  I ++ I  +  I 


O  C<1  O  O  CO  o 

ci  o  r-i  o  o 

+  1  I ++ 1 

CO  CO  lO  05 

lO  --^  CO 

00  00  —I 
05  —  CO  to 

o  >o  — .  o 

O  O  CO  o 


+4-  I 


13^ 
as 

coo 


< 


+ 1 


+  + 


it^t-or^ai-Hcofoo»CM 


eMfOCMCO«OC^OC<lcOOOC<J 

I +7+7 1  I  + 1  I  I  + 


cnooc<j-«*"oo-HOO>rtco>ooos-<< 

<OiOiOiOcOCOOT»<QOO-^OcO< 
if3O--C»CMC0'Tt<Tj<00t^^C0r-< 

t^oocM-ri<-^ot^-Haico— 'c^icoi 


iiCCMiOCOr-i-^iO  —  ^ 


OC^OOO'OOeOOOOOOOO. 

I  +  I ++ I ++ I  I ++^ 


iOOO-<*<t^OcOOO-*OOCMO-^'^ 
COiCcOOOOOOcOCOOOt^COcOCM 
!iOC<lCnCM05COCMlO--000^< 


I  +  I  ++  I  I  + 1  I  I  +'^" 


I  CM  lO  >«  CM  CO  1 


O^OOCMOCMOCMOOOOO 

I  +  I  ++  I  I  +  I  I  ++""  I 


O  *0       CM  C<)  O  I 
CO1OCM00COIOC51OC 


CO      CO  rt<  C 


O-'-OO'^OCMOCMOOOt^O 

I  +  I  ++  I  I  +  I  I  I  +'"  I 


^lO-!t<Tj(^t^CnCMCMTt<t^00CMT»l 
rtT-.iO00CO  —  iOOTf<t^OOt~-lOI>. 

(^oo5CMcoa:c<iT}<r^CMcot~t~co 

OOOiOCOCM-HiOCMOSt^OCMCOC^I 
OJOr-iCM-'fCMUOCOCOOTrCMOOC^ 

o^cMOoo-<j<oooooa30 


+111 +++ 


CO  ^  »-      CO  : 


CM  CO  l«  CO  00  lO 


1 ++++ I  1  +  1  1  1  + 


OO'^COiCOOC^  —  COSSCO^CJl 
OOCOrfOacO— iCOOt^O'— '00 

oo>cor^-<4<cooooco-*cO'-< 
looocMcocM— ir^-^rco 

CMO^CMCOCMOCMCOOt^CM 
O-^OOOOOOOOCMO 

+  1  I  I  1 ++ I +++ 1 


■5l-OOlOcO■rtlOCM^?OlC 

cO'-<cocr>cocMO;oooco 
i^«t^^^_^^iooco 


OOOOCMOOOCMO 

I +++ 1  i  +++ 1 


_  —  C  O  CO  C5  CO  ■  , 

O00  00  0C05  —  aocM 

CMOOOlOiCMOCM 


O-^OOOOCOO 

+  1  +  1  I ++ 1 


O  CO  O  O  OJ 
C2  O  O  O  CO 

CM  00  Tj"  CO  -q- 
O  to  o  ^ 


1 + 1 ++ I 


+  1  +  1 


Adjustment  of  Triangulation 


in 


Ontario  and  Quebec 


101 


f<5  C<9      0»      y-i  05 


+  I         I         I  + 


I  +  I  +++  J  ++  + 


iCOt^0500»0«OcDC<5  00  00l 

nccct>.t>-c  ■■  ■ 


) »«  Tf<  05  o  a>  05 


I + 1 +++ I +++^ I 


I + I + I + I +++^ I 


OOfOWSOS-^tOTtioOeOOs  — 
e<5«?>'50l--05tOlO<COOOOO 

coec<OTMOO«-HOeo  —  ooo 


I + I + I + I +++^ I 


O  — 00<M0(M000t^0 

I  + 1  + 1  + 1  +++-^  I 


66c<)o-4<6ooooo>6 

I  +  I  +++  I  +  I  I 


CD       »0  00  ' 


+++ I + I + I + 


OOOOOOOOIMO 

+  I  I  I  I  I  +  I  +  I 


+  I  +  I  +  I  +  I 


O  O  O  O  <M  O 

+ 1  I  I  +  I 


+  1  +  1 


Sum-Check* 

-0-3 
-0-8 

00 

+0-9 

Check 

+M19241 
-3-85677 
+4-95257 
-0-56925 
-0-93230 
-0-64766 
-f2-62170 
-0-48538 

»o 

-2 

+1.618347 
-5-57663 
+4-64117 
-0-82309 
+1-89719 
-0-93647 
+1-02394 
-0-70183 
22  00926 
-9-02492 

Side  4 

+0-031168 
-0-10740 
-1-81391 
-0-01585 
-0-89588 
-0-01804 
+0-63725 
-0-01352 
6-94711 
-0-00335 

to 

-0-109557 
+0-37752 
-2-18485 
+0-05572 
-115112 
+0-06340 
+0-70474 
+0-04751 
14-51208 
-0-04136 

Side  2 

-0-121243 
+0-41779 
-2-11816 
+0-06166 
-1-51796 
+0-07016 
+0-11871 
+0-05258 
16-49450 
-0- 05065 

Side  1 

+0-634662 
-2-18697 
+4-44974 
32279 
+0-02573 
-0-36725 
-0-62193 
-0-27523 
19-51303 
-1-38799 

Abs.  Term 

-0-375504 

+1-29394 

+0-18199 

+0-19098 

-0-58030 

+0-21729 

—  1 -  78840 

+0-16284 

125852 

43367 

17805 

06401 

64659 

07283 

51261 

05458 

OOOOOOC^O 

+1 1 1 + 1 + 1 

+0-167928 

-0-57866 

-0-23366 

-0-08541 

+  1-45577 

—0-09717 

+0-147597 
-0-50860 
+2-71682 
-0-07507 

A',7 

3-44588 
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Sum- 
Check* 

-0-9 
0-0 

+0-7 

Check 

-1-659249 

4-4-38332 

-1-57996 

+0-52942 

+2-13632 

+0-40164 

in 

01 

'S 

CB 

-1-445284 
+3-81808 
+0-96072 
+0-46115 
+0-32211 
+0-34985 
12-98434 

— 0-OioZi 

Side  4 

1 

+0-692632 
-1-82976 
-0-91392 
-0-22100 
+0-62373 
-0-16766 
16-94376 

—  1 - Zu ( oO 

Sides 

+0-805954 
-2-12913 
-1-08772 
-0-25716 
+0-75225 
-0-19509 
14-47072 
—  1-  /loyo 

Side  2 

+0-778461 
-2-05650 
-1-44780 
-0-24838 
+0-17129 
-0-18843 
16-44385 
—  1-60091 

Sidel 

-1-562203 
+4-12695 
-0-34152 
+0-49845 
-0-89716 
+0-37815 
18-12504 
-6-44713 

Aba.  Term 

-0-141183 

+0-37297 

-0-36301 

+0-04505 

-1-62556 

+0-03417 

+0-091629 

-0-24206 

+0-57376 

-0-02924 

+2-45803 

-0-02218 

+0-120780 
-0-31907 
+  1-35860 
-0-03854 

o  »o  o  >o 

M  ^  O 

I  + 1  I 


CO  CO       .-H  CO  t-- 

00  a>  00  (M  —<  CO 
lO  >— I  ^  o  «o  >o 
t--       (M  lO  CO  OO 


I  ++ 1 


CO  »o  o> 

(M  O  05  03  CO 

CO  -^ti  T-H  CO  lO 

00  »0  CO  O  t>.  00 

,-(  Tj<  -H  l-H  CO  O 

o  o     o  »o  o 

I  + 1  1^1 


CO  CO  00  »o 
T-H  00  lO 
00       -<t*  Tt< t~ 

lo  ■'ti  csi  lib  <M 

(M  »0  CO  1-H  I>.  i-H 


CO  CO  C<1  ^ 

§-H  OS  O  O 
o  CO  o  00  o 


+ 1  I  +' 


CO  OS  CO  CO  < 
^  ^      ^  Ir^  • 

CSl  lO        -I  CO  • 


O  O  O  O  o 

+ 1 ++^  I 


OS  CO  lO 

CO  CO  OS 
CO  i— I  t~  lO 


i<J+ 


Sum-Check* 

-0-2 

Check 

+1-350109 
-1-61789 

Side  5 

-1-061185 
+  1-27166 
7-28076 
-1-34947 

Side  4 

+1-032153 
-1-23687 
15-59102 
-1-27664 

(M  CO  O  »0 

<M  -gi  CO  oo 


+  1-^1 


5^  =2  2 

^  OS  OS 
CO  OO  CO 


+ 1 


OO  — '  o 

I  +'^  I 


I  + 
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REDUCED  NORMAL  EQUATION. 


Ki 


•251949 


Kt 


-  -100884 
+  -1267523 


+  -131657 
+  -2416411 
-  -0189948 


-  -053968 
+  -0108013 

-  -0300486 
-■14292333 


-  -047013 

-  -0289942 
+  -0012534 
- -35521177 
+ 


+  -137065 
+  -2961985 
+  -0086093 
+  •09988093 
-•3885740 
-•4081947 


+  ^012437 
+  • 0076706 
+  • 0043658 
-•00178599 
-•0053713 
-•0066838 
+  •028122 


-  •  004207 
+  ^0107450 
+  ^0261459 
-•01052539 
+  •0044150 
+  •0151765 
-•010107 
+  •000054 


Kii 

Ku 

Kv 

A'ls 

Kit 

Kii 

005554 

0 

021740 

011511 

+ 

003813 

007021 

+  -012437 

+ 

018632 

+ 

008762 

+  •0027647 

0 

+ 

0124533 

+ 

0280776 

+ 

0192996 

0174620 

+  - 0076706 

0392062 

0060191 

•0212405 

-•0067003 

+ 

0151093 

0690340 

+ 

0691872 

+ 

0019936 

-•0023345 

+ 

0103360 

0433066 

•00093144 

-•05277019 

02446962 

+ 

01281299 

+ 

01304051 

00985234 

+  •06956159 

00568310 

+ 

0409808 

0436593 

+  •0219622 

+ 

0296371 

+ 

0081447 

002712^ 

+ 

0064384 

-•0295236 

+ 

0064403 

0188467 

0054977 

+  - 0605470 

+ 

0548123 

0129099 

0291895 

+ 

0235429 

- -0841142 

+ 

0044337 

0528048 

099505 

- -023330 

+ 

035411 

+ 

059533 

+ 

083176 

065948 

+  - 164068 

+ 

006793 

+ 

068573 

034320 

-- 009290 

+ 

233722 

007299 

204798 

-038807 

+ -071729 

+ 

017395 

+ 

023814 

017424 

+  - 029764 

200723 

079483 

-180387 

+ 

010906 

- -067620 

284152 

103862 

041386 

- -021586 

+ 

046200 

+ 

046357 

+ 

047170 

016904 

+ -019648 

341009 

+ 

261224 

+  -014171 

+ 

226560 

+ 

031396 

+ 

137792 

+ 

063738 

-- 150615 

028682 

+ 

272085 

203073 

032210 

+ 

191635 

+ 

364167 

- -280908 

+ 

013494 

+ 

135992 

+ 

048506 

+ 

045121 

065974 

-•098736 

+ 

339146 

092187 

202906 

+ 
+ 

261856 
395506 

+  •207393 
+  •187633 

+ 
+ 

210880 
019705 

+ 

067346 
642608 

+  •147697 

+ 

•125862 

+ 

167928 

+ 

•091629 

+ 

120780 
223544 

BACKWARD  SOLUTION  (EVALUATION  OF  CORRELATES). 


Ki 

Ki 

Kz 

Ka 

Ki 

Ki 

Ki 

Kio 

Ki 

+  •033820 

037502 

031054 

+ 

014315 

-- 042059 

+ 

024706 

024968 

+ 

169825 

-- 127549 

- -000276 

+ -000158 

+ 

001366 

001292 

+  - 000594 

+ 

001665 

002162 

000751 

+  - 003275 

+  •012238 

026890 

+ 

006826 

003763 

+  - 004263 

+ 

002928 

+ 

004486 

+ 

011487 

-- 187645 

-•001699 

000648 

+ 

000197 

005032 

+  - 002494 

+ 

007106 

013861 

006060 

+  •006704 

+  •002178 

+ 

006416 

000618 

+ 

003056 

- -001997 

007302 

+ 

020464 

+ 

012036 

-•003383 

- -002171 

010987 

039387 

-007424 

+  •001544 

+ 

016617 

047350 

+ 

116686 

+  •102690 

- -000404 

+ 

000986 

002426 

+ 

000450 

+  •000286 

000453 

+ 

002091 

000266 

-•002792 

- -000497 

+ 

000285 

+ 

000345 

000569  . 

+  •000678 

+ 

001253 

+ 

000810 

+ 

006344 

-•004589 

0 

0- 

+ 

001633 

+ 

012862 

-•005353 

012320 

+ 

005686 

+ 

002264 

-•007265 

-•000178 

+ 

000089 

000681 

•000030 

-•001400 

000176 

003190 

001100 

-•000559 

+ -0031 17 

007123 

002008 

006803 

-•022111 

+ 

002130 

002126 

003266 

-•007582 

+  - 000966 

002468 

006005 

+ 

002418 

- -001014 

003486 

+ 

002321 

000012 

+  - 003888 

+ 

002398 

+ 

001365 

000658 

- -001679 

002089 

+ 

008791 

-•229685 

- -006719 

014519 

000422 

004896 

+  -019047 

+ 

020009 

+  -312619 

Ki 

- -002378 

001467 

+ 

000063 

017969 

+  - 008341 

049018 

Kio 

+ -002071 

000415 

+ 

001153 

+ 

•005485 

+  - 050587 

Ks 

- -001149 

002110 

+ 

000166 

- -038376 

Ki 

+ -007010 

008808 

-008730 

Ki 

+  - 026861 

069486 

Ki 

•102605 

Kz 

+  -076316 

Ki 

Ki 


Kn 

Kn 

Kii 

Ki 

Kn 

Kn 

Kn 

Ku 

Kit 

Kn 

-•151404 

+  -142170 

- -044273 

-•208827 

-- 123029 

-•426655 

- -376604 

--141183 

+  - 653320 

-•031535 

-•008238 

-•008580 

- -004289 

+  •002907 

+ -002124 

-•017111 

- -005296 

- -003809 

+ -007049 

Kn 

- -225192 

-•018875 

+ -008911 

+  •223962 

+  - 139269 

+  •013013 

+ -083109 

+  - 060509 

-•001660 

+  •012724 

+ -023732 

+  •008342 

- -017521 

-•015852 

- -012469 

+  •  660369 

+ -005243 

- -019769 

-- 112960 

+  •020462 

- -081217 

-•122670 

- -084483 

Kii 

- -026853 

-•078442 

-- 109093 

-•026686 

+  •  115509 

- -310160 

+ -001628 

+  •001103 

- -001131 

+  •001704 

--569275 

Kn 

+  - 001066 

+  •005180 

-- 004643 

+ -036125 

Ku 

+ -005261 

- -003454 

+  •022864 

Kii 

- -001327 

--243736 

Ki 

+ -032057 

Ku 

- -401486 

Kn 

Ku 
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Evaluation  of  Corrections  to  Directions 

After  the  K's  are  determined  by  the  solution  of  the  normal  equations, 
the  v's  are  most  conveniently  evaluated  by  substituting  their  value  in  the 
correlate  equations. 

Column  No.  1  in  the  correlate  equation  is  multiplied  by  Ki,  column  No.  2 
by  K2,  etc.  Then  the  algebraic  sum  of  line  1  gives  Vi,  of  line  No.  2  gives  V2, 
etc 

evaluation  of  corrections  to  directions 


Ki 

K2 

Kt 

Ki 

Ki 

+0-584848 
—  1-407741 
+ • 0822892 

A  OTAvlAO 

—0-279403 
+0-'37d45o 

— 0-115572 

— 0-22yo»6 

+U- 244400 
n  ioeQ4Q 
— U-  iZoyio 

— U-Uoo2d1 

A  AA7AK*1 

—  U -097000 
-0-052939 

+U-22yDoO 
—0-229000 

—  1-269898 
+1-543110 

1  A  lAAAOQ 

+U-  10UU2o 

A    K.  CA  A  AO 

—0-554498 
+1-074948 
—  0-0/0450 
+0-1042iJy 

+0-228424 

A  C\OOQtlA 

— U-OOoluo 

-0-175484 

1  A  AAQO01 

ft.  inji7<!ft 

—  {J'Vol  ItHJ 

+0-117814 

-ru-zzyooo 

—  U-/Zi^OoO 

A  A00QA>4 

— U-U220D4 

A  A000C>4 

U-U22od4 

+0-280112 
-1-057858 
+0-777746 

+0-584581 
-0-578475 

+0-223050 

+0-028023 

A    f\C7A  A  0 

—0-057443 
+0-029420 

+0-150485 

-0-060634 

+U-22yooO 

A  0O'7O'7A 

— 0-027279 

—0 -022004 

-0-154407 

+0-149395 
+0-030574 

+0-018770 

-0-022864 

+0-125962 
-0-183125 
+0-057163 

+0-312619 

+0-00986 
-0-028634 

-0-179969 

0-022864 
0-022864 

-0-312619 

+0-093586 
-0-279746 
+0-186160 

-0-022864 

+0-312619 

-0-312619 

-0-123035 

-0-028809 
+0-022174 
+0-006635 
-0-021650 
+0-114712 
-0-093062 

+0-128491 
-0-166937 
+0-038446 
+0-125456 
-0-316675 

+0-191219 

+0-312619 

+0-159799 
-0-036763 
-0-038724 

-0-312619 
+0-312619 

-0-495291  +0-665906 

+6-068625 

-0-117431 

-0-229685 

+1-035608 
-0-540317 

-0-728495 

-0-312619 

+0-169238 
-0-051808 

+0-062589 

-0-029901 

+0-229685 

Kn 

Kit 

Ku 

Kn 

Kii 

Kn 

Kit 

Kl9 

+0-032057 

+0-660369 

-0-032057 

-0-401486 
+0-401486 
-0-401486 
+0-401486 

0-660369 

-0-032057 

0035125 
-0-035125 

-0-559275 
0-569275 

0-031535 

0-032057 
-0-032057 
0-032057 

+0-401486 

0-569275 

-0-035125 

-0-310160 

-0-401486 

0-035125 

0-310160 
0-310160 

-0-569275 

0-035125 
-0  035125 

0-660369 
-0-660369 

-0-084483 
0-084483 

0-243736 
-0-243736 

-0-310160 

0-569275 

-0-035125 
0035125 

0-569275 
-0-569275 

0-243736 
-0-243736 

0-084483 
-0  084483 

0-031535 

-0-310160 

+0-084483 
-0-084483 

-0-243736 
0-243736 

-0-243736 
0-243736 

0-310160 

-0-031535 

+0-401486 

0-084483 

0- 032057 
-0- 032057 

-0-401486 

0-031535 

(1) 

-0 

007695 

(2) 

-0 

370914 

(3) 

+0 

633804 

(3M) 

-0 

255197 

(4) 

-0 

079002 

(5) 

-0 

771976 

(6) 

+0 

614656 

(7) 

+0 

502083 

(7C) 

-0 

265758 

(8) 

-0 

763288 

(9) 

+0 

831469 

(10) 

+0 

152271 

(11) 

-0 

090607 

(12) 

-0 

28559S 

(12H) 

+0 

155753 

(13) 

-0 

055825 

(14) 

+0 

632954 

(15) 

-0 

660369 

(16) 

+0 

354098 

(17) 

-0 

15S206 

(18) 

-0 

115656 

(19) 

-0 

012261 

(20) 

+0 

572865 

(21) 

+0 

057802 

(22) 

-0 

407464 

(23) 

-0 

210942 

(24) 

-0 

433195 

(25) 

+0 

496784 

(26) 

-0 

003023 

(26X) 
(27) 

-0 

060565 

+0 

133965 

(28) 

-0 

074245 

(29) 

+0 

131923 

(30) 

+0 

338S21 

(31) 

-0 

708973 

(31R) 

+0- 178508 
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0-C  Test 

This  test  is  obtained  by  substituting  the  r's  in  the  condition  equations. 
The  sum  of  the  v's  (evaluated)  in  one  condition  should  satisfy  the  absolute 
term  (observed)  for  that  particular  condition. 

Substitution  of  y's  in  Condition  Equations 
0-C  TEST  (OBSERVED -COMPUTED) 


Absolute  Term 


Observed  ''0" 

Computed  "C" 

0-C 

36-90 

36-90084 

-00084 

+ 

8-70 

+ 

8-69950 

-00050 

+ 

600 

+ 

5-99985 

+ 

-00015 

4-20 

4-20074 

+ 

-00074 

+ 

2-90 

+ 

2-89987 

+ 

-00013 

6-20 

6-20033 

+ 

-00033 

+ 

2-60 

+ 

2-59992 

+ 

-00008 

+ 

0-285 

+ 

0-285 

+ 

-0000 

+ 

0-416 

+ 

0-4159 

+ 

-0001 

1-091 

1-091 

-0000 

0-572 

0-5720 

-0000 

+ 

0-181 

0-1811 

-0001 

+ 

0-207 

+ 

0-2070 

+ 

-0000 

+ 

0-603 

+ 

0-603 

+ 

-0000 

+ 

0-429 

+ 

0-429 

+ 

-0000 

+ 

0-160 

+ 

0-160 

+ 

•0000 

+ 

0-533 

+ 

0-533 

+ 

•0000 

0-341 

0-341 

+ 

•0000 

0-484 

0-4839 

•0001 
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Corrections  to,  and  Adjusted  Values  of  Directions 

The  following  table  shows  the  observed  directions,  the  y's,  the  adjusted 
directions  and  the  probable  error  of  a  direction. 

CORRECTIONS  TO,  AND  ADJUSTED  VALUES  OF  DIRECTIONS 


No.  of  Direction 

Observed  Direction 

V 

t;2 

Adjusted  Direction 

1  

281 

13 

53-60 

—  -008 

-  000064 

281 

13 

53  -  592 

2  

260 

57 

31-98 

-  .371 

•137641 

260 

57 

31-609 

3  

246 

14 

52-35 

+  •634 

•401956 

246 

14 

52  -  984 

3M  

214 

10 

50-14 

—  -255 

-  065025 

214 

10 

49  -  885 

4  

93 

18 

42-33 

-  079 

-006241 

93 

18 

42-251 

5  

37 

41 

48-47 

—  -772 

-  595984 

37 

41 

47  -  698 

6  

30 

29 

06-45 

+  •615 

•378225 

30 

29 

07-065 

7  

15 

42 

38-00 

+  -502 

-252004 

15 

42 

38 • 502 

7C  

0 

00 

00-00 

-  -266 

•  070756 

359 

59 

59-734 

8  

125 

30 

39-82 

-  •  763 

-582169 

125 

30 

39-057 

9  

70 

53 

18-51 

+  -831 

-690561 

70 

53 

19-341 

10  

33 

15 

17-34 

+  •152 

-023104 

33 

15 

17-492 

11  

17 

44 

22-71 

-  -091 

-008281 

17 

44 

22-619 

12  

0 

00 

00-00 

-  -28560 

-081567 

359 

59 

59-71440 

12H  

359 

32 

11-96 

+  - 15575 

•024258 

359 

32 

12-11575 

13  

213 

28 

56-45 

-  -056 

•003136 

213 

28 

56  -  394 

14  

156 

13 

22-56 

+  -633 

-  400689 

156 

13 

23-193 

15  

85 

49 

35-12 

-  -660 

•435600 

85 

49 

34-460 

16  

0 

00 

00-00 

+  -354 

•125316 

0 

00 

00  -  354 

17  

319 

42 

29-55 

-  -155 

•  024025 

319 

42 

29-395 

18  

257 

56 

28-93 

-  -116 

-013456 

257 

56 

28-814 

19  

151 

05 

11-54 

-  -01226 

-000150 

151 

05 

11-52774 

20  

112 

18 

27-84 

+  -573 

-328329 

112 

18 

28-413 

21  

48 

48 

01  17 

+  -058 

-003364 

48 

48 

01-228 

22  

0 

00 

00-00 

-•407 

- 165649 

359 

59 

59-593 

23  

330 

11 

42-33 

-•21094 

-044496 

330 

11 

42-11906 

94. 

110 

19 

25-31 

— • 43320 

•  1 87662 

110 

19 

24-87680 

25  

109 

53 

42-56 

+  -49678 

•246790 

109 

53 

43-05678 

26  

70 

16 

02-21 

-•003 

-000009 

70 

16 

02^207 

26N  

0 

00 

00  00 

-•061 

•003721 

359 

59 

59^939 

27...  

303 

33 

47-73 

+  •134 

•017956 

303 

33 

47-864 

28  

263 

15 

47-98 

--074 

-005476 

263 

15 

47-906 

29  

252 

05 

22-12 

+  •132 

•017424 

252 

05 

22-252 

30  

234 

07 

20-14 

+  •339 

•114921 

234 

07 

20-479 

31  

217 

33 

23-79 

--709 

•502681 

217 

33 

23-081 

31R  

160 

13 

13-76 

+  •179 

•032041 

160 

13 

13-939 

2  i;2  = 

5-990727 

Probable  error  of  a  direction 


•6745 


J 


No.  of  conditions 
=  0^"379 
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Distances 


The  lengths  of  triangle  sides  were  computed  through  all  triangles- to  check 
the  accuracy  of  the  adjustment,  by  first  subtracting  I  of  the  spherical  excess 
of  the  triangle  from  each  of  the  angles  and  using  plane  triangle  formulae. 

The  distances  as  computed  by  different  routes  are  given  below. 


Line 


Log  Length 


Rigaud-East  Base  

Rigaud-West  Base  

Newton-Rigaud  

Newton-East  Base  

Newton- West  Base .... 

Huntingdon-Newton . . . 

Huntingdon-West  Base. 

Huntingdon-Rigaud  

Huntingdon-East  Base. 

Covey  Hill-Huntingdon 

Covey  Hill-West  Base. . 

Corey  Hill-East  Base . . 

Covey  Hill-Rigaud .... 

Royal-Covey  Hill  

Royal-Huntingdon  

Royal-East  Base  

Royal-Rigaud  
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Probable  Errors  of  Exterior  Sides 

The  following  table  shows  the  probable  error  of  the  exterior  sides  as 
obtained  by  the  adjustment.  It  will  be  seen  that  these  probable  errors  are  very 
small  as  was  to  be  expected  since  the  triangulation  is  close  to  the  base  control. 

PROBABLE  ERRORS  OF  EXTERNAL  SIDES 


Side 


Not  including  Base 
Error 


Including  Base  Error 


Newton — Rigaud , 


Rigaud — Royal . 


Royal — Covey  Hill, 


Covey  Hill — Huntingdon. 


Huntingdon — Newton . 


338,034 
1 

324,934 
1 

365,792 
1 

303,056 
1 

470,802 


335,795 
1 

323,206 
1 

362,976 
1 

301,386 
1 

464  684 


Accuracy  of  the  Triangulation 

That  good  accuracy  both  in  the  field  work  and  adjustment  was  maintained 
in  the  triangulation  is  indicated  by  the  smallness  of  the  v^s  on  page  106,  by  the 
deduced  probable  error  of  a  direction  on  page  106,  by  the  probable  errors  of  the 
external  sides  shown  on  page  108,  by  the  closures  of  the  triangles  as  shown  below, 
by  the  closeness  of  the  O  — C  test,  page  105,  and  by  the  agreement  of  the  distances 
as  computed  through  different  triangles,  shown  on  page  107. 


ACCURACY  AS  SHOWN  BY  ANGLE  AND  SIDE  EQUATIONS 


From  Angle  Equations  No. 


Angular 
Closure 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


+0-285 
+0-416 
-1091 
-0-572 
+0-181 
+0-207 
+0-603 
+0-429 
+0-160 
+0-533 
-0-341 
-0-484 


Number  of  +  closures. . 
Number  of  —  closures. . 
Average  angular  closiu-e 


8 
4 

0-"442 
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The  average  correction  to  a  direction  as  shown  by  the  side  equations  is  as 
follows : — 


Average  Correction 

From  Side  Equation  No. 

that  must  ensue 

0" 

1  

0-445 

2  

0-140 

3  

0-132 

4  

0-080 

5  

0-072 

6  

0-166 

7  

0-072 

Mean  

0-158 

Probable  error  of  a  direction  from  adjustment,  0  -  "379 


Geographical  Co-ordinates 

The  geographical  co-ordinates  were  computed  on  a  Canadian  Datum  which 
was  later  superseded  by  the  North  American  Datum  so  that  no  list  of  positions 
will  be  here  given.  The  positions  on  the  North  American  Datum  of  the  points 
in  this  net  are  shown  on  page  168. 
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VI 


RIGAUD— STANDON  NET 

Introduction 

This  net  covered  the  Eastern  Townships  in  the  province  of  Quebec  from  the 
St.  Lawrence  river  south  to  the  international  boundary,  and  from  Montreal  on 
the  west  to  Quebec. 

The  observing  of  the  horizontal  angles  occupied  parts  of  the  seasons  of 
1908,  1909,  and  1910,  the  observers  being  D.  J.  Fraser  and  J.  L.  Rannie. 

As  the  adjusted  lengths  of  sides  and  the  geographical  positions  of  stations 
were  controlled  only  at  the  western  end  of  the  net  where  it  joined  the  Goteau 
base  net  along  the  two  lines,  Rigaud-Royal  and  Royal-Covey  Hill,  and  not 
by  any  base  and  Laplace  Point,  the  adjustment  of  this  net  was  considered  only 
preliminary.  These  preliminary  results  have  been  superseded  by  those  of  two 
subsequent  nets — the  Dusable-Haldimand  net,  which  took  in  the  western  part 
of  this  net,  and  the  Dusable-Parke  net,  which  comprised  the  eastern  portion 
of  the  Rigaud-Standon  net  together  with  its  extension  about  100  miles  north- 
easterly from  Quebec  almost  as  far  as  Riviere-du-Loup. 

The  net  is  of  primary  accuracy  and,  as  the  results  were  only  preliminary, 
its  interest  lies  in  the  methods  used  as  well  as  two  features  which  were  somewhat 
peculiar  to  this  net. 


Interesting  Features 

Length  of  Lines. — The  topography  of  the  country  was  of  such  a  nature  that 
it  permitted  of  the  use  of  large  figures,  the  average  length  of  lines  being  about 
43  miles.  This  average  length  of  lines  is  above  the  average  for  Eastern  Canada, 
where  the  air  is  not  so  clear  as  in  the  West.  It  is  not  here  claimed  that  the 
accuracy  gained  by  having  long  lines  was  or  was  not  economical^  obtained, 
the  point  being  that  this  length  of  line  shows  a  character  of  topography  admir- 
ably adapted  to  triangulation. 

Lateral  Refraction. — The  other  interesting  feature  noted  was  the  very  clear 
evidence  of  the  occurrence  of  horizontal  refraction  in  connection  with  the 
observing  of  the  horizontal  angles. 

Lateral  refraction,  or  the  horizontal  displacement  of  an  object  due  to 
peculiar  air  conditions  at  some  point  or  points  along  the  line  of  sight,  rtiay  be 
called  the  bugbear  of  the  observer  of  horizontal  directions  of  a  primary 
triangulation. 

Although  an  observer's  experience  may  teach  him  when  this  condition  of 
the  air  is  most  hkely  to  exist,  he  can  never  be  sure  that  the  image  of  his  light 
has  not  been  laterally  displaced  until  the  triangles  are  successfully  closed  or 
even  sometimes  until  the  adjustment  of  the  triangulation  shows  that  no  large 
errors  exist.  The  triangle  closure  is  the  first  and  easiest  test  he  applies  to  find 
the  accuracy  of  his  work,  but  it  sometimes  happens  that,  in  a  figure  whose 
constituent  triangles  have  very  small  closing  errors,  the  side  equations  will 
reveal  large  errors  for  which  the  observer  is  at  a  loss  to  account. 
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Why  the  triangle  closure  may  be  small  and  yet  in  error  is  illustrated  by  the 
following  figure: — 


In  the  triangle  the  angles  (1),  (2),  (3)  evidently  satisfy  the  angle  equation, 
but  due  to  lateral  refraction  or  other  causes  the  observer  at  (1)  in  observing 
the  direction  (1-2)  observes  in  a  direction  (1-2)  introducing  an  error  a,  making 
the  angle  at  (1)  too  large.  Again,  in  observing  the  direction  (2-1)  the  image 
of  the  light  may  appear  to  be  in  the  direction  (2-1)  thus  introducing  an  error  h 
that  may  be  equal  to  the  error  a,  and  which  makes  the  angle  at  (2)  too  small. 

In  the  triangle  the  angles  (l+a)  +  (2  —  6)  +  (3)  also  satisfy  the  angle 
equation,  but  these  errors  a  and  h,  while  not  detected  by  the  angle  equation 
''will  be  detected  by  the  side  equation." 

This  example  is  shown  to  illustrate  the  importance  of  the  side  equation  in 
testing  the  field  work. 

Sometimes,  during  a  series  of  observations  for  the  determination  of  the 
direction  of  a  distant  station,  the  results  are  seen  to  take  a  jump  of  several 
seconds,  the  results  obtained  before  the  jump  took  place  having  run  along  evenly, 
and  those  taken  afterwards  also  running  along  evenly.  On  a  repetition  of  the 
first  set  of  positions  results  are  obtained  of  about  the  same  value  as  those 
obtained  after  the  jump  took  place.  The  careful  observer  will  try  to  obtain 
some  observations  under  different  conditions  to  corroborate  those  he  has  just 
made. 

Sometimes,  in  the  course  of  a  night's  work,  the  observer  will  notice  a 
gradual,  but  none  the  less  noticeable,  change  in  the  values  of  the  individual 
results  of  a  direction.  Some  circumstance,  such  as  an  equal  change  occurring  in 
the  individual  results  on  two  adjacent  lines,  may  show  him  which  line  it  is  to 
which  this  gradual  change  may  be  charged. 

Quite  often,  however,  the  observer  will  leave  a  station  satisfied  in  his  ovm. 
mind  that  his  results  are  good,  only  to  be  confronted  later  on  by  poor  triangle 
closures.  An  examination  of  the  results  may  point  to  the  probability  of  a  large 
error  existing  at  this  same  station,  and  on  a  reoccupation  of  this  station  he  may, 
obtain  a  series  of  results  equally  as  good  as  the  first  ones  but  of  quite  a  different 
value  to  those  he  thought  were  good  before. 

In  one  figure  of  the  Quebec  triangulation  south  of  Montreal,  the  triangle 
closures  were  all  under  one  second;  yet  when  the  side  equations  were  applied 
and  the  figure  adjusted  in  its  net,  corrections  to  directions  of  as  much  as  1  second 
and  corrections  to  angles  of  as  much  as  1 . 5  seconds  were  found  to  be  necessary 
in  order  to  compensate  for  some  errors  which  were  not  disclosed  by  the  closure 
of  the  triangles.  An  examination  of  the  field  observations  by  the  observer  failed 
to  show  any  conditions  which  might  have  produced  such  discrepancies  and  the 
errors  were  laid  at  the  door  of  lateral  refraction  as  having  at  some  unknown 
places  and  in  some  manner  produced  a  deviation  of  the  path  of  the  ra}'  of  light 
passing  between  two  stations. 

An  instance  of  a  gradual  change  in  the  value  of  the  individual  results  of 
direction  was  well  shown  in  observations  made  at  station  Kilkenny  in  the  Quebec 
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triangulation  in  1909.  The  general  slope  of  the  land  in  this  vicinity  is  south- 
eastward towards  the  St.  Lawrence  river.  Three  lines  were  observed  over  on 
October  4:  Dusable,  Royal,  and  Rigaud.  The  hne  to  Dusable  lay  roughly 
northeast  close  to  the  ground  a  large  part  of  its  way  and  parallel  to  the  St. 
Lawrence  river,  while  the  other  two  lines  lay  in  a  more  southerly  direction, 
roughly  at  right  angles  to  the  slope  of  the  ground. 

At  the  beginning  of  the  night's  observations  a  light  wind  was  blowing  from 
the  southwest,  gradually  shifting  to  the  northwest  across  the  line  to  Dusable. 

Dusable  was  used  as  the  initial  for  the  directions,  the  following  results  being 
obtained  in  the  sixteen  positions  of  the  horizontal  circle: — • 


• 

Dusable 

Royal 

Rigaud 

Angle 
Royal  to  Rigaud 

o 

O               f  tf 

o             /  // 

o         /  tr 

0 

102    16  47-9 
45-0 
50-6 
■  50-8 

154    03  64-9 
60-8 
63-7 

67-4 

//   

51    47  17-0 

15-  8 
13-1 

16-  6 
If   

Mean  48-58 

48-4 
45-2 
45-5 
44-8 

64-20 

65-5 

60-  3 

61-  4 
61-4 

n   

15-62 

171 
151 

15-  9 

16-  6 
//   

45- 97 

45- 1 

45-4 

44-3 

44-5 
//   

62-15 

62-7 
62-1 
59-3 
58-8 

16-18 

17-6 
16-7 
150 

143 

//   

44-82 

42-0 
44-5 
42-8 

41-6 

//   

60-73 

59-  5 

60-  5 

59-  2 

60-  4 

//   

15-90 

17-  5 
16-0 
16-4 

18-  8 

//   

42-73 
// 

59-90 

n 

17-17 

// 

Grand  mean  

 45-53 

61-75 

16-22 

It  will  be  seen  that  the  seconds  of  the  directions  to  Royal  and  Rigaud 
showed  a  gradual  decrease,  the  change  in  both  these  directions  being  the  same  in 
sign  and  almost  the  same  in  magnitude.  This  fact  is  brought  out  in  column  4, 
which  shows  the  angle  Royal  to  Rigaud  which  was  obtained  by  subtracting  the 
direction  to  Royal  from  that  to  Rigaud  as  shown  in  columns  2  and  3,  respectively. 
The  individual  results  of  this  angle  agree  well  among  themselves. 

Thus  it  is  seen  that  while  the  rays  of  light  from  Royal  and  Rigaud  were 
practically  constant  in  position,  that  from  Dusable  veered  slowly  to  the  south 
during  the  period  of  the  night's  observations. 

It  may  be  said  that  the  angle  Dusable  to  Royal  was  repeated  under  different 
atmospheric  conditions.  The  range  of  the  seconds  of  the  direction  to  Royal  in 
the  sixteen  different  positions  of  the  horizontal  circle  was  from  44.6''  to  48. 1", 
with  a  mean  value  of  the  angle  of  102°  16'  46.72". 

Good  sets  of  observations  extending  over  four  hours  were  obtained  at  both 
ends  of  the  line  in  September,  1909.  The  error  of  the  triangle  closure  was 
about  —8.5  and  subsequent  observations  in  May  and  June,  1910,  located  an 
error  of  over  —3  seconds  in  the  angle  at  one  end  of  the  line  and  over  —4  seconds 
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in  the  angle  at  the  other  end  of  this  same  Hne.  An  examination  of  all  the  data 
proved  conclusively  that  this  one  hne  was  bent  "  to  a  constant  amount  during 
the  whole  period  of  observations  at  both  ends  of  the  Hne,  the  other  hnes  from 
both  stations  showing  practically  no  evidence  that  lateral  refraction  had  affected 
their  true  position. 

This  lateral  refraction  is  caused  by  unequal  heating  of  the  atmosphere  along 
the  line  of  sight.  This  unequal  heating  causes  "  pockets  "  of  air  of  different 
densities,  and  the  rays  of  hght  passing  from  one  pocket  to  another  are  changed 
in  direction  and  the  image  of  the  light  is  seen  to  one  side  of  its  true  position. 


Thus  an  observer  at  a  observing  a  light  at  b  sees  the  light  in  direction  ac 
instead  of  direction  ab. 

Unequal  heating  of  the  atmosphere  may  no  doubt  have  a  variety  of  causes, 
more  than  we  can  attempt  to  explain,  but  a  few  of  the  more  apparent  may  be 
given. 

If  the  line  of  sight  passes  comparatively  close  to  the  ground  over  a  variety 
of  woods  and  fields  a  dry  field  heats  much  more  quickly  than  a  green  woods 
during  a  hot  day  and  cools  more  quickly  at  night.  This  Avill  cause  pockets  of 
different  densities  over  different  parts  of  the  line. 

Wind  will  no  doubt  cause  pockets  of  different  densities  through  unequal 
heating  or  cooling  of  the  air. 

Many  other  explanations  may  be  advanced  which  will  fit  special  conditions, 
but  no  theory  has  ever  been  advanced  which  can  give  us  any  method  of  arriving 
at  the  effect  of  lateral  refraction. 

It  has  been  noticed  that  on  lines  passing  close  to  the  ground  lateral  refraction 
is  most  marked,  but  we  cannot  be  sure  that  lateral  refraction  does  not  exist  even 
though  conditions  seem  favourable  and  though  the  line  may  not  pass  near 
anything  which  might  appear  to  be  unfavourable  to  good  results.  At  certain 
times  on  each  line  the  atmosphere  is  steady  enough  to  give  good  observations. 

Thus  it  would  appear  that  more  reliable  horizontal  directions  ought  to  be 
obtained  by  spreading  the  observations  over  the  total  time  of  occupation  of  a 
station.  For  example,  more  reliable  results  might  be  obtained  if  half  the  observa- 
tions were  made  on  each  of  two  nights  on  six  directions  rather  than  by  completing 
the  observations  on  three  lights  each  night. 

The  condition  of  lateral  refraction  is  one  which  should  be  studied  b}-  each 
observer,  and  notes  should  be  kept  at  each  station  regarding  the  direction  and 
force  of  the  wind,  conditions  along  each  hne  favourable  to  the  occurrence  of 
lateral  refraction,  and  any  special  observations  which  may  be  noted  at  any 
time  at  which  the  results  would  seem  to  indicate  any  unusual  movement  of  a 
light. 

Other  instances  of  this  disturbing  phenomenon  have  occurred  in  Canadian 
practice  in  nets  the  results  of  which  have  not  yet  been  published,  notably  in  the 
British  Columbia  net  on  a  line  observed  over  by  H.  B.  Kihl.  Further  examples 
and  studies  on  this  phenomenon  may  be  expected  in  the  future. 
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Corrections  to  Observed  Directions 

As  the  lines  were  long  and  as  the  altitude  of  the  stations  was  fairly  great 
compared  with  the  average  level  of  the  country,  all  observed  directions  were  first 
corrected  for  the  altitude  of  the  station  above  mean  sea -level  and  were  reduced 
to  the  geodetic  line  by  the  methods  explained  on  page  8.  On  the  same  page  it 
is  shown  that  these  corrections  are  very  much  smaller  than. the  probable  errors 
of  the  observations,  so  that  this  practice  has  been  discontinued  except  for  stations 
at  very  high  altitudes. 

Condition  Equations 

The  adjustment  of  the  net  was  made  by  the  conditional  method,  the  un- 
knowns being  the  most  probable  corrections  to  the  observed  directions. 

The  method  of  selecting  the  side  and  angle  equations  is  that  shown  on 
page  9  of  this  report.  It  is  now  felt  that  the  slight  gain  in  accuracy  does  not 
warrant  the  increase  in  the  amount  of  labour  involved,  and  this  method  of  selec- 
tion of  the  equations  is  not  now  used. 

The  condition  equations  are  here  given: — 

CONDITION  EQUATIONS 
Direction  Method 

1  -  2-27  (21)  +  6-89  (22)  -  4-62  (23)  +  3-65  (24)  -  2-11  (25)   -  1-38  (26)  +  2-99  (27) 

-  1-61  (28)  -  4-37  (42)  +  5-64  (43)  -  1-27  (44)  -  1-54  (54)  -  0-10  =  0 

2  +  4-91  (3)  -  4-19  (4)  -  2-65  (5)  +  3-50  (6)  -  0-85  (6B)  -  1-98  (7)  +  4-52  (8) 

-  2-54  (9)  -  4-42  (36)  +  6-61  (37)  +  17-00  =  0 

3  -  0-95  (10)  +  4-06  (11)  -  3-11  (HP)  +  0-44  (12)  -  0  01  (13)  -  0-43  (13-0) 

-  3-77  (14)  +  4-93  (15)  -  1-16  (16)  -  2-19  (19)  +  6-36  (20)  -  4-17  (21)  -  2-62  (44) 
+  3-82  (45)  -  1-20  (46)  +  0-60  =  0 

4  -  2-67  (28)  +  5-27  (29)  -  2-60  (29D)  -  0-83  (30)  +  3-98  (31)  -  3-15  (32) 

-  i2-63  (33)  +  3-17  (34)  -  0-54  (35)  -  3-39  (40)  +  6-50  (41)  -  3-11  (42)  +5-80  =  0 

5  -  2-58  (9)  +  3-53  (10)  -  0-95  (11)  -  4-17  (20)  +  6-44  (21)  -  2-27  (22)  -  1-61  (27) 
+  4-28  (28)  -  2-67  (29)  -  0-54  (34)  +  4-12  (35)  -  3-58  (36)  -  1-53  (47)  +  0-57  (48) 
+  0-96  (49)  +  0-20  =  0 

6  +  1-37  (53)  +  4-02  (61)  -  7-17  (62)  +  3-15  (62L)  -  4-07  (63)  +  0-95  (63M) 
+  3-12  (64)  +  2-01  (65)  -  3-38  (66)  +  1-60  (70)  -  3-89  (71)  +  2-29  (72) 

+  0-40  =  0 

7  -  1-58  (18)  -  1-54  (24)  -  1-27  (43)  +  3-89  (44)  -  2-62  (45)  +  0-96  (48)  +  1-70  (49) 

-  2-66  (50)  +  6-20  (54)  -  4-66  (55)  -  3-12  (63)  +  4-70  (64)  -  0-31  (67)  -  2-29  (71) 
+  2-60  (72)  -  5-20  =  0 

8  -  0-60  (23)  +  1-97  (53)  -  4-66  (54)  +  6-85  (55)  -  2-19  (55C)  -  0-48  (56) 
+  1-52  (57)  -  1-04  (57B)  -  1-45  (58)  +  2-75  (59)  -  1-30  (59S)  -  1-29  (60) 
+  5-31  (61)  -  4-02  (62)  -  1-37  (66)  +  1-20  =  0 

9  +  6-01  (2)  -  3-51  (3)  -  2-54  (8)  +  5-12  (9)  -  2-58  (10)  -  3-58  (35) 
+  4-38  (36)  +  3-26  (39)  -  2-50  (40)  -0-76  (46)  -  9-90  =  0 

10  -  1-16  (15)  +  3-30  (16)  -  2-14  (16H)  -  2-74  (17)  +  4-32  (18)  +  4-32  (19) 

-  2-19  (20)  -  2-66  (49)  +  5-48  (50)  -  2-82  (51)  -  1-58  (64)  -  2-13  (65)  -  0-40  =  0 

11  -  1-80  (1)  -  2-50  (2)  -  3-15  (31)  +  4-81  (32)  -  1-66  (32K)  -  2-50  (39)  +  5-89  (40) 

3-39  (41)  -  3-90  =  0 

12  -  (15)  +  (16H)  -  (17)  +  (20)  -  (49)  +  (51)  +  (64)  -  (65)  -  2-764  =  0 

13  -  (28)  +  (29D)  -  (30)  +  (32)  -  (33)  +  (35)  -  (40)  +  (42)  -  2-034  =  0 

14  -  (21)  +  (23)  +  (25)  -  (26)  +  (28)  -  (42)  +  (44)  -  (54)  +  -539  =  0 

15  -  (53)  +  (61)  -  (62L)  +  (63M)  -  (64)  +  (65)  -  (70)  +  (72)  +  1-550  =  0 

16  -  (16)  +  (16H)  -  (17)  +  (18)  +  (19)  -  (20)  +  (49)  -  (50)  +  0-655  =  0 

17  -  (15)  +  (16)  +  (18)  -  (19)  -  (50)  +  (51)  -  (64)  +  (65)  -  0-033  =  0 

18  -  (29)  +  (29D)  -  (30)  +  (?1)  +  (34)  -  (35)  +  (40)  -  (41)  -  3-679  =  0 

19  ~  (28)  +  (29)  +  (31)  -  (32)  +  (33)  -  (34)  -  (41)  +  (42)  -  1-021  =  0 

20  -  (21)  +  (22)  +  (24)  -  (25)  +  (26)  -  (27)  -  (43)  +  (44)  +  2-375  =  0 

21  -  (22)  +  (23)  +  (24)  +  (27)  -  (28)  +  (42)  -  (43)  -  (54)  -  1-564  =  0 

22  -    (2)  +  (3)  -  (8)  +  (9)  +  (35)  -  (36)  +  (39)  -  (40)  +  0-848  =  0 

23  +  (53)  +  (62)  -  (62L)  -  (63)  +  (63M)  -  (66)  +  (71)  -  (72)  +  0-838  =  0 

24  +  (61)  -  (62)  -  (63)  +  (64)  -  (65)  +  (66)  -  (70)  +  (71)  -  0-567  =  0 

25  +  (3)  -  (8)  +  (10)  -  (35)  +  (40)  -  (46)  -  -699  =  0 

26  +  (4)  -  (5)  +  (6B)  -  (7)  +  (9)  -  (36)  -  -641  =0 

27  +  (3)  +  (6)  -  (6B)  +  (7)  -  (8)  -  (37)  +  -536  =  0 

28  +  (2)  +  (9)  -  (10)  -  (36)  -  (39)  +  (46)  +  -717  =  0 

29  -  (10)  +  (11)  -  (45)  +  (46)  -  (47)  +  (48)  +  1-664  =  0 

57106— 8i 
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30  -  (20)  +  (21)  -  (44)  +  (45)  -  (48)  +  (49)  -  1-326  =  0 

31  -  (13)  +  (13  O)  -  (14)  +  (15)  -  (51)  +  (52)  -  2-542  =  0 

32  -  (11)  +  (HP)  -  (12)  +  (13)  +  (47)  -  (52)  +  1-966  =  0 

33  +  (59)  -  (59S)  +  (60)  -  (61)  -  (69)  +  (70)  -  3-022  =  0 

34  -  (23)  +  (53)  +  (54)  -  (55)  +  (67)  -  (72)  +  1-619  =  0 

35  +  (55)  -  (55C)  +  (56)  -  (57)  -  (67)  +  (68)  -  1-057  =  0 

36  (57)  -  (57B)  +  (58)  -  (59)  -  (68)  +  (69)  +  0-056  =  0 

37  -  (1)  -  (32)  +  (32K)  +  (33)  -  0-767  =  0 

Correlate  Equations  and  Equations  for  the  Reciprocal  of  Weights 

OF  the  Exterior  Sides 

The  correlate  equations  were  formed  in  the  usual  manner,  and  at  their 
right-hand  side  were  placed  in  vertical  columns  equations  for  finding  the  weights 
and  hence  the  probable  errors  of  the  external  sides  of  the  net.  The  method  of 
forming  these  equations  and  of  evaluating  the  probable  errors  of  these  sides 
is  shown  on  page  81,  a  practical  example  of  the  solution  being  shown  in  the 
case  of  the  Coteau  Base  net,  page  103. 


Normal  Equations  and  Corrections  to  Directions 

The  normal  equations  were  formed  as  usual  and  were  solved  by  the  sub- 
stitution method,  the  resulting  values  of  the  correlates  being  substituted  in 
the  correlate  equations  to  obtain  the  corrections  to  the  directions  which  are 
shown  below. 

CORRECTIONS  TO  DIRECTIONS 


Number 

Number 

Number 

of 

Correction 

of 

Correction 

of 

Correction 

Direction 

Direction 

Direction 

1 

•707 

29D 

+ 

•664 

59 

+ 

It 

•505 

2 

+ 

-195 

30 

•893 

59S 

•706 

3 

-930 

31 

+ 

•451 

60 

+ 

•525 

4 

+ 

•459 

32 

+ 

•226 

61 

•519 

5 

+ 

•079 

32K 

+ 

•217 

62 

+ 

•187 

6 

•319 

33 

+ 

•070 

62L 

•192 

6B 

+ 

•240 

34 

+ 

•448 

63 

•178 

7 

•017 

35 

•045 

63M 

•128 

8 

•494 

36 

+ 

•520 

64 

+ 

•868 

9 

+ 

-523 

37 

•477 

65 

•603 

10 

+ 

•349 

38 

66 

+ 

•256 

11 

•129 

39 

+  ' 

•141 

67  , 

•503 

IIP 

-232 

40 

+ 

•317 

68 

•038 

12 

+ 

•195 

41 

•677 

69 

•312 

13 

•810 

42 

+ 

•092 

70 

+ 

•455 

130 

+ 

•614 

43 

+ 

•185 

71' 

•179 

14 

•672 

44 

+ 

•060 

72 

+ 

•577 

15 

•247 

45 

+ 

•308 

16 

+ 

•712 

46 

•425 

15-03968 

16H 

+ 

•207 

47 

-048 

17 

•449 

48 

•502 

18 

•113 

49 

•210 

19 

•378 

50 

•165 

20 

+ 

•063 

51 

+ 

•116 

21 

+ 

•850 

52 

+ 

•810 

22 

•143 

53 

•254 

23 

+ 

•211 

54 

+ 

•013 

24 

+ 

•102 

55 

+ 

•087 

25 

+ 

•218 

55C 

•419 

26 

•516 

56 

+ 

•231 

27 

+ 

•625 

57 

+ 

•145 

28 

•589 

57B 

•376 

29 

•184 

58 

+ 

-201 

1 
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Probable  Error  of  a  Direction 
The  probable  error  of  a  direction  is  found  by  the  following  equation :- 

p.  e.  =  -6745 


Number  of  Conditions 


115-03968 

=  -6745  -4/  

1  37 

=  ±0"-430 


0-C  Test 


A  good  test  of  the  accuracy  of  the  adjustment  is  obtained  by  substituting 
the  values  of  the  v^s  in  the  condition  equations.  If  the  y's  have  been  correctly 
determined  they  should  satisfy  these  equations  exactly  and  the  absolute  term 
of  the  condition  equations  O  (observed)  should  equal  the  sum  of  the  v  terms  in 
that  equation,  C  (evaluated). 

In  this  net  the  O  — C  test  shows  that  the  adjustment  was  accurately  done. 

CONDITION  EQUATIONS  0-C 


No. 


Absolute  Term 


Observed  "  0  " 

Computed  "  C" 

0-C 

1  

+ 

0-10 

+ 

0-10014 

•00014 

2  

-17-00 

-17-000015 

+ 

•000015 

3  

0-60 

0-59992 

•00008 

4  

3-80 

3-80000 

•0 

5  

0-20 

0-19995 

•00005 

6  . 

0-40 

0-39884 

•00116 

7  

+ 

5-20 

-f 

5-19874 

+ 

•00126' 

8  

1-20 

1  - 19860 

•00140 

9  

+ 

9-90 

+ 

9-90005 

•00005 

10  

+ 

0-40 

+ 

0-40002 

•00002 

11  

+ 

3-90 

+ 

3-89995 

•00005 

12  

+ 

2-764 

+ 

2-76392 

+ 

•00008 

13  

+ 

2-034 

+ 

2-03395 

+ 

•00005 

14  

0-539 

0-53896 

-00004 

15  

1-550 

1-54997 

-00003 

16  

0-655 

0-65504 

+ 

-00004 

17  

+ 

0-033 

+ 

0-03308 

•00008 

18  

+ 

3-679 

+ 

3-67903 

-00003 

19  

+ 

1021 

+ 

1-02102 

-00002 

20  

+ 

2-375 

+ 

2-37504 

-00004 

21  

+ 

1-564 

+ 

1-56406 

-00006 

22  :  

0-848 

0-84801 

+ 

-00001 

23  

0-838 

0-83808 

+ 

-00008 

24  

+ 

0-567 

+ 

0-56701 

-00001 

25  

+ 

0-699 

+ 

0-69903 

-00003 

26  

+ 

0-641 

+ 

0-64101 

•00001 

27  

0-536 

0-53594 

•00006 

28  

0-717 

0-71698 

•00002 

29  

1-664 

1-66403 

+ 

•00003 

30  

+ 

1-326 

1-32605 

•00005 

31  :.. 

+ 

2-542 

+ 

2-54194 

+ 

•00006 

32  

1-966 

1-96599 

•00001 

33  

+ 

3  022 

+ 

302191 

+ 

-00009 

34  

1-619 

1-61912 

+ 

-00012 

35  

+ 

1-057 

+ 

1-05709 

•00009 

36  

0-056 

0-05592 

•00008 

37  

+ 

0-767 

+ 

0-76699 

+ 

•00001 
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Distances 

Another  test  of  the  accuracy  of  the  adjustment  is  found  by  the  closeness 
of  the  agreement  of  the  lengths  of  triangle  sides  as  computed  through  different 
triangles.  In  this  operation  we  first  subtract  one-third  of  the  spherical  excess 
of  the  triangle  from  each  angle  and  use  plane  triangle  formulae  for  obtaining 
the  lengths  of  sides. 

The  distances  as  evaluated  by  the  different  routes,  are  given  below  and 
show  good  agreement: — 

COMPARISON  OF  COMPUTED  LENGTHS 


Line 


Royal- Yamaska  

Covey  Hill- Yamaska . . . 

Kilkenny- Yamaska  

Royal-Dusable  

Kilkenny-Dusable  

Yamaska-Dusable  

Royal-St.  Armand  . . 

Covey  Hill-St.  Armand. 
Yamaska-St.  Armand. . , 

Royal-Bellevue  

St.  Armand-Bellevue... . 
Covey  Hill-Bellevue . . . . 

Yamaska-Ham  

Orf  ord-Ham  

Dusable-Ham  

Yamaska-Carmcl  

Ham-Carmel  


Log  Length 


7542380 
7542381 

9391470 
9391471 

9688056 
9688055 

9224813 
9224812 

7284561 
7284562 

9482323 
9482322 

9254933 
9254931 

9207146 
9207144 

6586243 
6586241 

9574255 
9574257 

5915820 
5915818 

8017838 
8017840 

0158634 
0158632 

8534354 
8534357 

1138485 
1138482 

0741018 
0741018 

0413757 
0413757 


Line 


Dusable-Carmel  

Orford-Hereford  

Owl's  Head-Hereford 

Ham-Hereford  

Orford-Megantic.  . .  . 
Hereford -Megantic. . 

Ham-Megan  tic  

Ham-Thetford  

Megantic-Thetford. . 

Carmel-Thetford  

Ham-Liniere  

Thetford-Liniere  

Megantic-Liniere  

Thetford-Belair  

Standon-Belair  

Carmel-Belair  


Log  Length 


7367492 
7367492 

7515332 
7515330 

7398416 
7398418 

8964981 
8964979 

9499721 
9499719 

7435018 
7435015 

7429088 
7429086 

6603560 
6603563 

9004518 
9004515 

0288926 
0288929 

9917723 
9917722 

9171231 
9171230 

8579950 
8579949 

8807421 
8807420 

9055565 
9055564 

9731724 
9731725 
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Probable  Errors  of  External  Sides 

The  probable  errors  of  the  lengths  of  the  external  sides  of  this  net,  including 
the  probable  error  of  the  Coteau  Base,  as  computed  by  the  adjustment  of  the 
nets,  were  found  to  be  as  follows: — 


Rigaud-Kilkenny   1/337,838 

Kilkenny-Dusable   1/211,730 

Dusable-Carmel   1/181,481 

Carmel-Belair   1/275,330 

Belair-Standon   1/236,630 

Standon-Liniere  '  1/251,572 

Liniere-Megantic   1/225,581 

Megantic-Hereford   1  /2 14,638 

Hereford-Owl's  Head   1  /2 10,837 

Owl's  Head-St.  Armand   1  /158,378 

St.  Armand-Bellevue   1  /1 83, 823 

Bellevue-Covey  Hill   1  /290,276 


It  will  be  noticed  that  the  probable  errors  of  the  sides,  Dusable-Carmel, 
Owl's  head-St.  Armand,  and  St.  Armand-Bellevue  are  larger  than  those  of  the 
other  sides,  notwithstanding  the  fact  that  these  three  lines  are  closer  to  the  base 
than  others  shown  above.  The  explanation,  of  course,  is  that  the  triangles 
through  which  the  computation  of  distances  has  to  go  to  reach  these  sides  with 
large  probable  errors  are  poorer  in  shape,  that  is,  have  smaller  angles,  than  those 
which  are  used  in  the  computation  of  some  of  the  sides  a  greater  distance  away 
from  the  base. 

ACCURACY  AS  SHOWN  BY  ANGLE  AND  SIDE  EQUATIONS 


From 

Angle  Equation 

Angular  Closure 

No. 

12 

-  2-764 

13 

-  2  034 

14 

+  0-539 

15 

+  1-550 

16 

+  0-655 

17 

-  0-033 

18 

-  3-679 

19 

-  1-021 

20 

+  2-375 

21 

-  1-564 

22 

+  0-848 

23 

+  0-838 

24 

-  0-567 

25 

-  0-699 

26 

-  0-641 

27 

+  0-536 

28 

+  0-717 

29 

+  1-664 

30 

-  1-326 

31 

-  2-542 

32 

+  1-966 

33 

-  3-022 

34 

+  1-619 

35 

-  1-057 

36 

+  0-056 

37 

-  0-767 

Number  of  +  ve  closures 
Number  of  —  ve  closures 
Average  angular  closure. 


12 
14 
l-"349 
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The  average  correction  to  a  direction  as  shown  by  the  side  equations  is  as 
follows : — 


From  Side 
Equation 
No. 

iwai  age 

V^Ul  X  CL/  tlUll 
LXidli  lllUbl;  cllbUtJ 

1 

// 

yjyjo 

2 

•470 

3 

•015 

4 

•100 

5 

•005 

6 

•010 

7 

•129 

8 

•033 

9 

•289 

10 

•Oil 

11 

•152 

Mean 

•111 

Probable  Error  of  a  direction  from  adjustment  =  0'' -430 

Here  equation  2  shows  that  large  errors  existed  in  the  observing  which 
were  not  indicated  by  the  closure  of  the  triangles  in  angle  equations  22,  25, 
26,  27  and  28  above. 


Accuracy  of  the  Triangulation 

The  accuracy  both  of  the  field  work  and  the  adjustment  is  shown  to  be 
good  by  the  smallness  of  the  v's  on  page  117,  by  the  agreement  in  the  0  — C  test 
on  page  118,  by  the  deduced  probable  error  of  a  direction  shown  on  page  118, 
by  the  agreement  of  the  distances  as  computed  through  different  triangles  as 
shown  on  page  119,  by  the  smallness  of  the  probable  errors  of  the  external  sides 
shown  on  page  120  and  by  the  angular  closures  and  side  equation  tests  shown  on 
page  120. 

Geographical  Co-ordinates 

No  Ust  of  geographical  co-ordinates  is  given  as  they  will  be  found  w^ith 
the  description  of  the  Dusable-Haldimand  and  the  Dusable-Parke  nets. 

In  the  present  case  the  co-ordinates  were  determined  by  means  of  three 
expansional  formulae  of  Helmert,  which  were  adapted  to  the  use  of  multiplying 
machines  for  getting  the  different  terms  of  the  expansions. 


V 
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VII 

RIGAUD— NORTH  MOUNTAIN  NET 

Introduction 

This  geodetic  net  joins  the  Coteau  base  net  at  Rigaud,  Huntingdon  and 
Newton,  the  Unes  *Rigaud-Newton  and  Newton-Huntingdon  being  the  base, 
and  extends  westward  to  King  Mountain,  covering  the  region  between  the  Ottawa 
and  St.  Lawrence  rivers. 

The  field  work  and  the  adjustment  are  of  primary  accuracy.  The  positions 
were  computed  on  the  Canadian  datum,  based  on  the  observed  latitude  and 
azimuth  at  Vankleek  and  the  longitude  of  Royal  as  given  by  the  United  States 
Coast  and  Geodetic  Survey.  As  the  Canadian  datum  has  been  superseded  by 
the  North  American  datum,  and  as  this  net  was  afterwards  included  in  the 
Dusable-Haldimand  net,  the  results  of  this  adjustment  are  not  published,  but 
the  methods  used  are  of  historic  value,  and  for  this  reason  the  adjustment  is 
included  in  this  report. 

Weights 

The  usual  procedure  of  giving  unit  weight  to  each  direction  was  follow^ed 
with  one  exception,  that  of  the  direction  Maxville-Huntingdon.  Owing  to 
weather  conditions  at  the  end  of  the  observing  season,  this  direction  was  ob- 
served in  eleven  positions  only  instead  of  the  usual  sixteen  positions.  For  this 
reason  the  weight  eleven-sixteenths  was  given  to  this  direction  to  illustrate  the 
method  of  dealing  with  weighted  observations. 

Preliminary  Corrections  to  Observed  Directions 

All  observed  directions  were  corrected  for  the  altitude  of  the  station  observed 
on  and  reduced  to  the  geodetic  hne.  As  these  corrections  are  very  small  where 
the  elevations  are  not  great  and  lines  not  long,  this  practice  has  since  been 
discontinued,  except  in  cases  of  high  altitudes  and  very  long  lines. 

Selection  of  Angle  and  Side  Equations 

The  angle  equations  of  quadrilaterals  were  picked  out  according  to  the  plan 
given  in  Jordan  (Handbuck  der  Vermessungskunde,  vol.  I  pp.  249-250).  An 
illustration  of  this  method  for  the  quadrilateral  Maxville-Alexandria-Huntingdon- 
Bonville  is  shown  on  page  144. 

The  side  equations  of  quadrilaterals  were  formed  by  taking  the  pole  at  the 
intersection  of  the  diagonals.  This  method  introduces  all  the  angles  of  the 
quadrilateral  into  the  side  equations,  while  with  the  pole  at  one  of  the  angular 
points,  the  angles  at  that  point  are  left  out. 

These  methods  of  forming  angle  and  side  equations  give  best  results,  but 
as  they  entail  more  work  they  have  been  discontinued  in  favour  of  using  the 
closure  of  three  of  the  triangles  for  the  three-angle  equations,  and  taking  the  pole 
at  the  angular  point  having  the  triangle  with  greatest  area  opposite;  this  pole 
introduces  a  greater  number  of  smaller  angles  than  a  pole  at  any  of  the  other 
angular  points.  The  decrease  in  the  amount  of  work  in  using  these  latter 
methods  of  forming  the  condition  equations  more  than  compensates  for  any 
slight  increase  in  the  probable  error. 

The  following  table  shows  the  condition  equations  for  the  net: — 
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FIGURE  RIGAUD-NORTH  MOUNTAIN 
CONDITION  EQUATIONS 
(Direction  Method) 

1.  -  1-74  (1)  +  21-73  (3)  +  0-39  (4)  -  0-65  (5)  -  28-94  (9)  +  30-20  (10)  -1-26  (11) 

-  4-20  (26)  +  6-39  (27)  -  2-19  (28)  -  66-60  =  0 

2  =  2290-2145 

2.  16-64  (6)  -  21-72  (7)  +  5-08  (7H)  -  0-41  (8)  +  1-50  (12)  -  1-09  (13)  +  1-81  (14) 

-  4-32  (15)  +  2-51  (16)  -  7-60  (18)  +  6-76  (19)  +  0-84  (25)  -  8-50  =  0 

2  =  910-4624 

3.  -  3-04  (34)  +  1-31  (35)  +  1-72  (35B)  +  0-38  (36)  -  4-88  (37)  +  4-50  (41)  -  11-19 
(50)  +  16-14  (51)  -  4-95  (52)  -  18-60  =  0 

S  =  468-3431 

4.  2-91  (1)  -  11-03  (2)  +  8-12  (3)  +  1-26  (10)  -  1-89  (11)  +  0-63  (12)  +  3-25  (19)  - 
5-68  (20)  +  2-44  (21)  +  0-75  (26)  -  4-01  (28)  +  3-27  (29)  -  0-80  =  0 

S  =  277-7340 

5.  4-65  (39)  -  0-85  (40)  -  3-81  (41)  +  1-89  (46)  -  1-68  (47)  -  0-21  (47M)  -1-  2-68  (48) 

-  10-73  (49)  +  8-05  (50)  +  5-20  =  0 

2  =  230-4175 

6.  3-45  (22)  -  5-46  (23)  +  2-02  (24)  +  3-13  (31)  -  3-49  (32)  +  0-35  (33)  +  3-09  (37) 

-  8-95  (38)  +  5-86  (39)  +  0-83  (43)  -  2.-90  (44)  +  2-07  (45)  +  13-80  =  0 

2  =  205-2680 

7.  -  1-74  (1)  +  3-08  (3)  +  5-43  (6)  -  3-69  (7H)  -  1-81  (14)  +  4-32  (15)  -  2-51  (16) 
-f.  0-78  (19)  -  0-61  (21)  -  0-17  (25)  -  0-75  (26)  +  4-01  (28)  -  3-27  (29)  +  10-50  =  0 

2  =  112-1985 

8.  0-63  (11)  -  2-13  (12)  +  1-50  (13)  +  2-51  (15)  -  3-82  (16)  -f  1-31  (17)  +  3-27  (28) 

-  4-36  (29)  +  1-09  (29V)  +  1-64  (30)  -  4-77  (31)  +  3-13  (32)  +  1-02  (42)  -  1-85 

(43)  +  0-83  (44)  -  1-20  =  0 

2  =  101-0742 

9.  -  0-35  (32)  +  2-69  (33)  -  2-33  (33P)  -  1-31  (34)  +  2-03  (35)  -0-71  (35B)  -  2-07 

(44)  +  3-26  (45)  -  1-19  (45R)  -  1-68  (46)  +  3-84  (47)  -  2-16  (47M)  -  1-60  (48)  + 
4-76  (50)  -  3-16  (52)  -  2-80  =  0 

2  =  92-8940 

10.  1-40  (1)  +  3-33  (6)  +  0-86  (8)  -  1-92  (9)  +  1-06  (11)  +  4-20  (26)  -  6-39  (27)  + 
2-19  (28)  +  10-00  =  0 

2  =  81-8667 

11.  -  (6)  +  (7)  +  (8)  -  (13)  +  (15)  -  (16)  -  (18)  +  (25)  +  1-132  =  0 

12.  (7)  -  (7H)  -  (12)  +  (13)  +  (14)  -  (15)  -  (18)  +  (19)  +  3-295  =  0 

13.  (6)  -  (7H)  -  (8)  +  (12)  +  (14)  -  (16)  -  (19)  +  (25)  +  0-255  =  0 

14.  (1)  -  (2)  -  (11)  +  (12)  -  (19)  +  (20)  -  (26)  +  (28)  +  1-459  =  0 

15.  (2)  -  (3)  +  (10)  -  (11)  -  (20)  +  (21)  +  (28)  -  (29)  +  0-317  =  0 

16.  (1)  -  (3)  +  (10)  -  (12)  +  (19)  -  (21)  -  (26)  +  29)  -  1-288  =  0 

17.  (23)  -  (24)  +  (32)  -  (33)  +  (37)  -  (38)  +  (43)  -  (44)  -  0-080  =  0 

18.  (22)  -  (23)  -  (31)  +  (32)  +  (38)  -  (39)  -  (44)  +  (45)  -  0-203  =  0 

19.  (22)  -  (24)  -  (31)  +  (33)  -  (37)  +  (39)  +  (43)  -  (45)  +  1-357  =  0 

20.  (3)  -  (4)  -  (10)  +  (11)  +  (27)  -  (28)  +  0-202  =  0 

21.  (1)  -  (5)  +  (9)  -  (11)  -  (26)  +  (28)  +  0-705  =  0 

22.  (16)  -  (17)  +  (24)  -  (25)  +  (42)  -  (43)  +  0-057  =  0 

23.  (21)  -  (22)  -  (29)  +  (29V)  -  (30)  +  (31)  +  0-688  =  0 

24.  -  (33)  +  (33P)  -  (34)  +  (35)  -  (36)  +  (37)  -  1-644  =  0 

25.  (35)  +  (35B)  +  (36)  -  (41)  +  (50)  -  (52)  +  0-024  =  0 

26.  -  (40)  +  (41)  +  (47)  -  (47M)  +  (48)  -  (50)  +  0-533  =  0 

27.  (39)  +  (40)  +  (45)  -  (45R)  +  (46)  -  (47)  -  0-153  =  0 

28.  (5)  -  (6)  +  (8)  -  (9)  +  0-731  =  0 
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Formation  of  Equations  for  the  Reciprocal  of  Weights  of  Exterior 

Sides 

The  following  is  the  formation  of  equations  for  the  weight  of  exterior  sides. 
These  equations  are  included  in  the  correlate  equations  in  the  same  manner  as 
the  condition  equations. 


Side  8  =  Bonville  —  Huntingdon 
sin  (13-  8)  sin  (5-4) 


+ Angle 
13  -  8  =  100°  57' 50-98' 
5  -  H  =  


sin  (14-15)  sin  (8-9) 


CD. 
0-408 
0-377 


Angle 
14  -  15 
8-9 


CD. 

1-810 

0-856 


.•.dlogSi=     0-38  (5)    -0-45  (8)  +  0' 
+  1-81  (15) 


(9)  -  0-41  (13)  -  1-81  (14) 


S7  =  b. 


Side  7  =  Roxboro-Bonville 
sin  (24-25)  sin  (12-13)  sin  6-7H)  sin  (5-H) 
sin  (42-43)  sin  (25-19)  sin  (14-15)  sin  (8-9) 


+ Angle  CD. 

24  -  25  =  57°  44' 44-84".......  1-329 

12-13  =  54°31' 05-48"   1-500 

6  -  7H  =  29°  43'  38-76"   3-688 

5  -  H  =  79°  50'  58-873"   0-377 


-Angle  CD. 

42  -  43:   1-017 

25-19   0-167 

14-15   1-810 

8  -   9..   0-856 


d  log  Sr  =      0-38  (5)    +  3-69  (6)    -  3-69  (7H)  -  0-86  (8)    +  0-86  (9) 
+  1-50  (12)  -  1-50  (13)  -  1-81  (14)  +  1-81  (15)  +  0-17  (19) 
+  1-33  (24)  -  1-50  (25)  -  1-02  (42)  +  1-02  (43) 


Side  6  =  North  Mountain- Roxboro 


sin  (40-39)  sin  (33-32)  sin  (22-24)  sin  (29V-29)  sin  (11-12)  sin  (4-5)  sin  (N-6) 


sin  (46-47)  sin  (39-37)  sin  (43-44)  sin  (31-30)  sin  (19-21)  sin  (28-27)  sin  (8-9) 


+ Angle 
40  -  39 
33  -  32 
22  -  24 
29V-  29 
11  -  12 
4-5 
N-6 


CD. 

—  Angle 

CD. 

0-846 

46  -  47  =  

  1-681 

0-355 

39  -  37  =  

  1-527 

0-461 

43  -  44  =   

  0-830 

1-093 

31  -  30  =   

  1-641 

0-627 

19-21  =   

  0-611 

0-648 

28  -  27  =   

  2-190 

3-334 

8  -  9=   

  0-856 

.'.d  log  1^6  =      0-65  (4)    -  0-65  (5)    -  3-33  (6)      -  0-86  (8)    +  0-86  (9)    +  0-63  (11) 

-  0-63  (12)  -  0-61  (19  +  0-61  (21)    +  0-46  (22)  -  0-46  (24)  +  2-19  (27) 

-  2-19  (28)  -  1-09  (29)  +  1-09  (29V)  +  1-64  (30)  -  1-64  (31)  -  0-35  (32) 
+  0-35  (33)  +  1-53  (37)  -  2-37  (39)    +  0-85  (40)  -  0-83  (43)  +  0-83  (44) 

-  1-68  (46)  +  1-68  (47) 
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FORMATION  OF  EQUATIONS  FOR  WEIGHTS  OF  EXTERIOR  SIBE^— Continued 


Side  5  =  King  Mountain-North  Mountain 


S6=b2 


4- Angle 

41  -  40  = 
45    -  45R: 

33    -  32  ^ 

22    -  24  ^ 

29V- 29  = 

11    -  12  : 

4    -    5  = 

N   -   6  = 


sin(41-40)  sm(45-45R)  sin(33-32)  8in(22-24)  sin(29V-29)  8in(ll-12)  sin(4-5)  sin(N-6) 
sin(48-50)  sin(46-47)  sin(39-37)  8in(43-44)  sin(31-30)  Bin(19-21)  6in(28-27)  8in(8-9) 


82' 


CD. 

—Angle 

0-261 

48  -  50 

1-192 

46  -  47 

0-355 

39  -  37 

0-461 

1-093 

31  -  30 

0-627 

19  -  21 

0-648 

28  -  27 

3-334 

8-9 

CD. 

50  =    1-597 

  1-681 

  1-527 

  0-830 

  1-641 

  0-611 

  2-190 

  0-856 


.-.  d  log  S,  =      0-65  (4)    -  0-65  (5)  -  3-33  (6)      -  0-86  (8)  +  0-86  (9)    +  0-63  (11) 

-  0-63  (12)  -  0-61  (19)  +  0-61  (21)     +  0-46  (22)  -  0-46  (24)  +  2-19  (27) 

-  2-19  (28)  -  1-09  (29)  +  1-09  (29V)  +  1-64  (30)  -  1-64  (31)  -  0-35  (32) 
+  0-35  (33)  +  1-53  (37)  -  1-53  (39)  -  0-26  (40)  +  0-26  (41)  -  0-83  (43) 
+  0-83  (44)  +  1-19  (45)  -  1-19  (45R)  -  1-68  (46)  +  1-68  (47)  -  1-60  (48) 
+  1-60  (50) 


Side  4  =  Buckingham-King  Mountain 


sin(36-41)  sin(47-47M)  sin(45-45R)  sin(33-32)  sin(22-24)  sin(29V-29)  sin(ll-12)  sm(4-5)  sin(N-6) 
sin(35B-35)  sin(48-50)  sin(46-47)  sin(39-37)  sin(43-44)  sin(31-30)  sin(19-21)  sin(28-27)  sin(8-9) 


+Angle  CD. 

36   -  41    =  75°  or  47-41"   0-563 

47   -  47M  =  44°  14'  57-79"   2-162 

45   -  45R  =  60°  29' 21-38"   1-192 

33   -  32    =  80°  25' 57-31"   0-355 

22   -  24    =    0-461 

29V-  29  =    1-093 

11    -  12  =    0-627 


4  - 
N  - 


5  = 

6  = 


0-648 
3-334 


-Angle  CD. 

35B-  35  =  71°  16'  34-59"   0-714 

48  -  50  =  52°  49'  10-09"   1-597 

46  -  47  =  51°  23' 51-27"   1-681 

39  -  37  =  54°  02'  01-75"   1-527 

43  -  44  =   0-830 

31  -  30  =    1-641 

19-21  =   0-611 

28  -  27  =    2-190 

8  -   9  =    0-856 


.\d\0gS4  =     0-65  (4)    -  0-65(5)       -3-33  (6)      -  0-86(8)    +  0-86  (9)    +  0-63  (11) 

-  0-63  (12)  -  0-61  (19)     +  0-61  (21)    +  0-46  (22)  -  0-46  (24)  +  2 •  19  (27) 

-  2-19  (28)  -  1-09  (29)  +  1-09  (29F)+  1-64  (30)  -  1-64  (31)  -  0-35  (32) 
+  0-35  (33)  +  0-71  (35)     -  0-71  (35B)+  0-56  (36)  +  1-53  (37)  -  1-53  (39) 

-  0-56  (41)  -  0-83  (43)  +  0-83  (44)  +  1  - 19  (45)  -  1  •  19  (45/2)  -  1 -68  (46) 
+  3-84  (47)  -  2-16  (47M)  -  1-60  (48)    +  1-60  (50) 


Side  3  =  Plantagenet-Buckinoham 
sin  (37-36)  sin  (44-45)  sin  (22-24)  sin  (29V -29)  sin  (11-12)  sin  (4-5)  sin  (N-6) 


sin  (35-34)  sin  (39-37)  sin  (43-44)  sin  (31 

+Angle  CD. 

37   -  36   0  -375 

44   _  45  =  45°  32'  03-91"   2-066 

22   -  24  =  77°  38'  25 -30^'   0-461 

29V-  29   1-093 

11-12   0-627 

4   -   5   0-648 

N   -   6   3-334 


27)  sin  (8-9) 
CD. 


30)  sin  (19-21)  sm  (28 
—Angle 

35  -  34   1-313 

39  _  37     54°  02' 01-75"   1-527 

43  _  44  =  68°  28'  34-93"   0-830 

31  -  30   1-641 

19-21   0-611 

28  -  27   2-190 

8  -   9.   0-856 


.•.dlog^3  =      0-65  (4)    -  0-65  (5)    -  3-33  (6)      -  0-86  (8)    +  0-86  (9)  +  0-63  (11) 

-  0-63  (12)  -  0-61  (19)  +  0-61  (21)    +  0-46  (22)  -  0-46  (24)  +  2-19  (27) 

-  2-19  (28)  -  1-09  (29)  +  1-09  (29F)  +  1-64  (30)  -  1-64  (31)  +  1-31  (34) 

-  1-31  (35)  -  0-38  (36)  +  1-90  (37)  -  1-53  (39)     -  0-83  (43)  +  2-90  (44) 

-  2-07  (45) 
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FORMATION  OF  EQUATIONS  FOR  WEIGHTS  OF  EXTERIOR  SIDES—Concluded 


Side  2 


Vankleek  —  Plantagenet 


S2   =  &2 


sin  (21  -  22)  sin  (U  -  12)  sin  (4  -  5)  sin  (N  -  6) 
sin  (31  -  30)  sin  (19  -  21)  sin  (28  -  27)  sin  (8  -  9) 


+  Angle  CD. 

21  -  22   +0-966 

11  -  12   +0-627 

4  -    5   +0-648 

N  -   6  •   +3-334 


—  Angle 
31  -  30 
19-21. 
28  -  27, 
8-9. 


CD. 

1-  641 
0-611 

2-  190 
0-856 


.-.  dlogSi  =  0-65  (4)  -  0-65  (5)  -  3-33  (6)  -  0-86  (8)  +  0-86  (9)  +  0-63  (11)  -  0-63 
(12)  -  0-61  (19)  +  1-58  (21)  -  0-97  (22)  +  2-19  (27)  -  2-19  (28)  +  1-64 
(30)  -  1-64  (31) 


Side  1 


RiGAUD  —  Vankleek 


Si  =  6, 


sin  (R  -  4)  sin  (9 


(bi  =  Newton — Rigaud) 

(b2  =  Newtom — Huntingdon) 

11)  sin  (N  -  6) 


sin  (1 


+  Angle 

R  -  4  

9  -  11  =  63°  14  '08-"19. 
N  -  6  =  32°  16' 46-556". 


N)  sin  (28 

CD. 
-0-256 
1-062 
3-334 


27)  sin  (8 
—  Angle 


9) 


1 

28 
8 


N  =  56°  26'  12 -"136. 
27  =  43°  52'  57 -"99. 
9  =  67°  52'  16 "90.. 


CD. 
1-397 
2  190 
0-856 


:.dlogSi  =  -  1-40  (1)  +  0-26  (4)  -  3-33  (6)  -  0-86  (8)  +  1-92  (9)  -  1-06  (11) 
+  2-19  (27)  -  2-19  (28) 
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Correlate 

The  correlate  equations  are  formed  now  by  writing  the  coefficients  of  each 
Equation  I  is  written  in  column  of  Ki,  equation  II  in  column  Ki,  etc., 

CORRELATE  EQUATIONS 


^4 



+1-40 

Ku 

K12 

Ku 

Kvb 

Kii 

Kn 


-  1.74 

+  2-91 
-11-03 
+  8-12 



-1-74 

+  1 
-  1 

+  '1 
-  1 

+  1 

+21-73 
+  0-39 
-  0-65 

+3-08 

-  1 

+16-64 
-21-72 
+  5-08 
-  0-41 

+5-43 

+3-33 

-I 
+1 

+1 

'+i 
-1 

+1 

-3-69 

+0-86 
-1-92 

-1 
-1 

-28-94 
+30-20 
-  1-26 

+  1-26 
-  1-89 
+  0-63 

+1 
-1 

+1 

-i 



+0-63 
-2-13 
+1-50 

+2 -si 

-3-82 
+1-31 

+1-06 

-i 

+1 
-1 

-i 
+1 
+1 
-1 

'+i 

-1 
+1 

+  1-50 

-  1-09 
+  1-81 

-  4-32 
+  2-51 

-1-81 
+4-32 
-2-51 

+1 

-1 

-  7-60 
+  6-76 

-1 

—1 
+1 

+  3-25 
-  5-68 
+  2-44 

+0-78 

-1 

-1 

+1 

-1 
+1 

+1 

+3-45 
-5-46 
+2-02 

-0-61 

-1 

+  1 
-1 

+  0-84 

-0-17 
-0-75 

+1 

+1 

-  4-20 
+  6-39 

-  219 

+  0-75 

+4-20 

-1 

-1 

-  4-01 
+  3-27 

+4-01 
-3-27 

+3-27 
-4-36 
+1-09 
+1-64 
-4-77 
+3-13 

+2-19 

+1 

+1 
-1 

+1 

+3-13 
-3-49 
+0-35 

-0-35 
+2-69 
-2-33 
-1-31 
+2-03 
-0-71 

+1 
-1 

-  3  04 
+  1-31 
+  1-72 
+  0-38 

-  4-88 

+3-09 
-8-95 
+5-86 

+1 
-1 

+  4-65 

-  0-85 

-  3-81 

+  4-50 

+1-02 
-1-85 
+0-83 

+0-83 
-2-90 
+2-07 

+  1 

-2-07 
+3-26 
-1-19 
-1-68 
+3-84 
-2-16 
-1-60 

+  1-89 

-  1-68 

-  0-21 
+  2-68 
-10-73 
+  8-05 

-11-19 
+  16-14 
-  4-95 

+4-76 

-316 

1 

Note. — For  direction  18  the  weight  is 


0-6875 


The  term  -  =  1 
P 

efficients  of 


-454545  was  set  in  margin  of  correlative  equations  and  this  multiplier  used  in  terms 
j'18  occurred. 


where  co- 
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Equations 

''y"  of  the  condition  equations  in  vertical  column  of  each  K. 
giving  value  of  each  ''i;"  in  terms  of  iC's. 

RIGAUD— NORTH  MOUNTAIN  FIGURE 




^19 



Kw 

Ki\ 
+1 

Ki2 



Ku 

Kid 



+1 
-1 

—  1 

+1 
—  1 

+1 
-1 

+1 

—  1 
+1 

—  1 

+1 
—  1 

+1 
—  1 

+1 

+  1 

—  1 

+1 
—  1 

—  1 

+1 
—  1 

+1 

—  1 
+1 

—  1 
+1 

—1 

+1 

-1 

+  1 

—  1 
+1 
-1 
+1 

+1 
+1 

—  1 
+1 

"+1 
-1 

-1 

+  1 

-1 
+1 

-1 

+1 

-1 
+1 

-1 

4-1 
-1 

+  1 

-1 

+1 
-1 
+1 
-1 

+1 
-1 
+1 

+1 

-1 

-1 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(7H) 

(8) 

(9) 
(10) 
(U) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 
(25) 
(26) 
(27) 
(28) 
(29) 
(29V) 
(30) 
(31) 
(32) 
(33) 
(33P) 
(34) 
(35) 
(35B) 
(36) 
(37) 
(38) 
(39) 
(40) 
(41) 
(42) 
(43) 
(44) 
(45) 
(45R) 
(46) 
(47) 
(47M) 
(48) 
(49) 
(50) 
(51) 
(52) 


Side  1 

Side  2 

Side  3 

Side  4 

Side  5 

Side  6 

Side  7 

Side  8 

-1-40 

+0-26 
-3-33 

+0-65 
—0-65 
-3-33 

+0-65 
—0-65 
-3-33 

+  •065 
—0-65 
-3-33 

+0-65 
—0-65 
-3-33 

+0-65 
—0-65 
-3-33 

+0-38 
+3-69 

+0-38 

-0-86 
+1-92 

-0^86 
+0-86 

-0-86 
+0-86 

-0-86 
+0-86 

-0-86 
+0-86 

-0-86 
+0-86 

—3-69 
—0-86 
+0-86 



—0-45 
+0-86 

—  1-  06 

+0-63 
-0-63 

+0-63 
-0-63 

+0-63 
-0-63 

+0-63 
-0-63 

+0-63 
-0-63 

+1-50 

—  1^50 

—  1-81 
+1-81 

—0-41 
—  1-81 
+1-81 

—0-61 

—0-61 

-0-61 

—0-61 

—0-61 

+0-17 

-(-1  -So 
— 0-97 

•f-0-61 
+0-46 

+0-61 
+0-46 

+0-61 
+0-46 

+0-61 
+0-46 

— 0*46 

—0-46 

-0-46 

-0-46 

+1^33 
— 1^50 

+2  •19 
—2'  19 

+2-19 
—2-19 

+2-i9 
-2-19 
-1-09 
+1-09 
+1-64 
— 1-64 

+2-19 
-2-19 
-1-09 
+1-09 
+1^64 
-b64 
-0-35 
+0-35 

+2-19 
-2-19 
-1^09 
+1^09 
+1-64 
-1^64 
-0-35 
+0^35 

+2-19 
-2-19 
—  1-09 
+  1-09 
+1-64 
-1-64 
— 0-35 
+0-35 

+1-64 
—  1-64 

+1-31 
—  1-31 

+0-71 
—0-71 
+0-56 
+1-53 



—0-38 
+1-90 

+  1-53 

+  1-53 

-1-53 

-1-53 

-1-53 
-0-26 
+0-26 

-2-37 
+0-85 

-0-56 

-1-02 
+1^02 

-0-83 
4-2-90 
-2-07 

-0-83 
+0-83 
+M9 
-M9 
-1-68 
+3-84 
-2-16 
-1-60 

-0-83 
+0-83 
+M9 
-M9 
-1^68 
+1-68 

-0-83 
+0-83 

-1-68 
+  1-68 

-1-60 

+1-60 

+1-60 

Check' 
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Substitution  of  the  values  of  the  v^s  from  the  correlate  equations  in  the 


Ki 

Ki 

Ki 

K7 

Ks 

K, 

Kio 

Kn 

2290-2145 

+217-4495 
+  22-9150 

+277-7346 

+  64-3241 
+  48-5014 

-  7-9551 

-  25-2614 

-  11-4750 
+  55-0586 

+  936-71693 

-32-61546 

+468-3431 

-107-2245 

-  15-0792 

-  32-2019 

-  6-3427 

-  29-9025 

-  3-5613 

+230-4175 

+  27-2490 
+205-2680 

+  24-8572 
+  14-9142 

-  2-8136 
+  92-8940 

-  29-7963 
+  47-8013 
+101  0742 

+112-1985 

+  21-2778 
+  7-8291 

+  81-8667 

+  1-23 
+  4-83 

-  2-47 

+8-454545 


Ku 

^25 

Ki^ 

K21 

K28 

Abs.  Term 

Side  1 

Side  2 

+  28-29 
-  17-05 

-  66-60 

-  8-50 

-  18-60 

-  0-80 
+  5-20 
+  13-80 
+  10-50 

-  1-20 

-  2-80 
+  10-00 
+  1-132 
+  3-295 
+  0-255 
+  1-459 
+  0-317 

-  1-288 

-  0-080 

-  0-203 
+  1-357 
+  0-202 
+  0-705 
+  0-059 
+  0-688 

-  1-644 
+  0-024 
+  0-553 

-  0-153 
+  0-731 

-32-9016 
-55-0586 

-  6-2160 
-60-1272 

-  0-91 

-  9-95 

+  15-69 

+  6-7113 

+  9-0670 

+  11-86 

-  9-80 

-  1-93 

-  3-79 

+  2-74 

-  8-4797 
-28-3034 
+  5-0899 

-  5-43 

-24-4278 
-  7-8291 

-  1-68 

+  5-18 

-  0-36 

-  1-07 

-  0-55 
+  2-00 

-37-3887 
+  2-47 

-31-6021 
+  2-47 
+  0-02 

-  2-49 

-  2-84 

-  1-24 

-  1-56 

-  2-00 

-  2-47 

-  2-53 

-  1-13 

-  1-40 

+  2-00 

+  2-00 
-  2-00 

+  0-67 
+  0-67 
+  4-36 
-  1-31 

-  2-00 

+  3-06 
-  0-61 

.    -  2-00 

-  0  -73 

+  6-00 

-  2-00 
+  6-00 

-  2-00 
+  6-00 

-  2-00 
+  6-00 

+  400 

+  0-55 
+28-2583 

+  0-96 
+32-9877 
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Condition  Equations  gives  us  the  following  normal  equations. — 


Kl3 

Kh 

A' 17 

A' 19 

A  22 

+  1-53 
  5-26 

+  7-54 

+  10-93 
+  5-26 

  1-54 

 or. .  7A 

— ^0 • ( 0 

—  0  ■  ■t*OtD 

-f-  0-00 

1     1  .  «7 
1-0/ 

  4-88 

+  4-88 

+2-62 

-  2-62 

+  2-77 

—  1516 

—  1-25 

+  8-98 

+  0-04 

-  0-83 

—  4-65 

—  7-55 

+  7-07 
+  4-98 

+  4-65 
+  0-18 

+  2-92 
-  0-57 

+  4-45 

+  0-45 
-  0-97 

+  1-19 

-  2-34 

-  2-26 

-  0-32 
+  2-66 

-  0-96 

-1-66 
+  M2 

+  8-87 
+  1-69 

+  2-24 
+  0-51 

+  3-59 
+  7-00 

-  5-95 

-  2-23 

-  0-93 

-  2-64 

+  3-02 
+  2-64 

+  2-47 

-  1-67 

+  1-13 

-  2-80 

-  7-52 

-  3-59 

+0-454545 
+8-454545 

-  2-00 

-  2-00 
+  2-00 

-\-  8 -on 

+  2-00 
-  2-00 

+  8-00 

-  2-00 

-  2-00 

-  4-00 

-  2-00 

+  4-00 
+  2-00 
+  2-00 

+  8-00 

+  2-00 
-  2-00 

+  8-00 

+  8-00 

-  2-00 

+  8-00 

-  2-00 

-  2-00 

+  8-00 

+  6-00 

-  2-00 
+  6-00 

-  2-00 
+  6-00 

Side  3 

Side  4 

Side  5 

Side  6 

Side  7 

Side  8 

Formation 
Check 

Check 

-  6-2160 

-  6-2160 

-  6-2160 

-  6-2160 

-25-1354 

-25-1354 

+2458-2956 

+2391 

6958 

-60-1272 

-60-1272 

-60-1272 

-60-1272 

+35-6879 

-10-4639 

+ 

860-8690 

+  652 

3690 

-15-1149 

-27-9687 

-24-2004 

-  7-4664 

+  243-9171 

+  225 

3171 

+  3-1359 

+  3-1359 

+3-1359 

+  3-1359 

+  1-4975 

+  502-6614 

+  501 

8614 

-  7-1145 

-  5-5617 

-  5-2897 

-17-7406 

+ 

139-7227 

+ 

144 

9227 

-20-9540 

-  8-0021 

-  8-0021 

-15-3878 

+  3-5332 

•  + 

142  1632 

+ 

155 

9632 

-24-1474 

-24-1474 

-24  1474 

-24-1474 

+45-1357 

+  11-0953 

199-9706 

+ 

210 

4706 

+  14-9729 

+12-1593 

+12-1593 

+  12-1593 

-  3-8293 

+  3-9281 

+ 

129-9261 

+ 

128 

7261 

-17-1266 

+38-9964 

+24-0910 

+  8-6195 

+ 

157-7402 

+ 

154 

9402 

-31-6021 

-31-6021 

-31-6021 

-31-6021 

+  9-8969 

-  2-0382 

51-5446 

41 

5446 

+  2-47 

+  2-47 

+  2-47 

+  2-47 

-  2-74 

+  1-77 

6-26636 

5 

13436 

+  0-02 

+  0-02 

+  0-02 

+  0-02 

-  2-76 

-  4-03 

1-14636 

+ 

2 

14864 

-  2-49 

-  2-49 

-  2-49 

-  2-49 

-  6-26 

-  1-36 

11-24 

+ 

11 

495 

-  2-84 

-  2-84 

-  2-84 

-  2-84 

+  1-33 

5-28 

3 

821 

-  1-12 

-  1-12 

-  1-12 

-  1-12 

+ 

5-25 

+ 

5 

567 

-  l-"68 

-  1-68 

-  1-68 

-  1-68 

-  1-33 

1-05 

2 

338 

-  1-37 

-  0-3^ 

-  0-37 

-  0-37 

-  0-31 

+ 

4-26 

+ 

4 

ISO 

-  1-34 

+  3-64 

+  3-64 

+  3-29 

+ 

17-75 

+ 

17 

547 

+  0-37 

-  2-17 

-  2-17 

-  1-82 

-  0-31 

+ 

6-63 

+ 

987 

+  4-36 

+  4-36 

+  4-36 

+  4-36 

+ 

17-21 

+ 

17 

412 

-  1-31 

-  1-31 

-  1-31 

-  1-31 

+  0-48 

+  0-48 

20-85 

20 

145 

+  0-37 

+  0-37 

+  0-37 

+  0-37 

+  0-79 

1-47 

1 

413 

-  0-95 

-  0-95 

-  0-95 

-  0-95 

1-98 

1 

292 

-  0-34 

+  1-33 

+  1-18 

+  1-18 

+ 

7-50 

+ 

5 

856 

+  0-93 

+  1-30 

+  1-34 

+ 

12-66 

+ 
+ 

12 

684 

+  2-24 

-  1-00 

+  0-83 

+ 

9-60 

10 

153 

-  0-54 

-  1-61 

+  0-29 

-  0-14 

4-79 

4 

943 

+  0-96 

+  0-98 

+  0-96 

+  0-96 

-  5-03 

-  0-93 

+ 

6-65 

+ 

7 

381 

+55-6332 

+70-8477 

+52-7587 

+48-6698 

+46-0366 

+  7-8068 
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.     0-C  Test 

A  good  check  of  the  adjustment  is  the  O  — C  test  in  which  the  computed 
corrections  to  the  directions  are  substituted  in  the  condition  equations  and  the 
absolute  term  thus  computed  is  compared  with  the  absolute  term  of  the  condition 
equation,  (the  observed  absolute  term). 

The  following  table  gives  the  observed  and  computed  absolute  terms  and 
the  difference 


Number 

Absolute  Term 

Observed  ''0" 

Computed  ''C" 

1  

-66-60 

-66-59857 

—  -00143 

3  

8-50 

8-49900 

— -00100 

3  

18-60 

18-60095 

_|_  -OOOQt 

4  

0-80 

0-80028 

5  

+ 

5-20 

+ 

5-20057 

-- 00057 

6  

+  13-80 

+  13-80016 

- -00016 

7  

+  10-50 

+  10-50019 

- -00019 

8  

+ 

1-20 

+ 

1-20019 

- -00019 

9  

2-80 

2-79988 

-•00012 

10  

10-00 

10-00009 

+  •  00009 

11  

+ 

1-132 

+ 

1-13197 

-•00003 

12  

+ 

3-295 

+ 

3-29512 

- -00012 

13  

+ 

0-255 

+ 

0-25501 

-•00001 

14  

+ 

1-459 

+ 

1-45897 

-•00003 

15  

+ 

0-317 

+ 

0-31701 

-•00001 

16  

1-288 

1-28804 

+  •00004 

17  

0-080 

0-07996 

-•00004 

18  

0-203 

0-20307 

+ -00007 

19  

+ 

1-357 

+ 

1-35697 

+  - 00003 

20  

+ 

0-202 

+ 

0-20199 

+ -00001 

21  

+ 

0-705 

+ 

0-70499 

+ -00001 

22  

+ 

0-057 

+ 

0-05694 

+  - 00006 

23  

+ 

0-688 

+ 

0-68809 

-- 00009 

24  

+ 

1-644 

+ 

1-64400 

-00000 

25  

0-153 

0-15303 

+  - 00003 

26  

+ 

0-553 

+ 

0-55294 

+  - 00006 

27  

+ 

0-024 

+ 

0-02408 

-- 00008 

28  

+ 

0-731 

+ 

0-73094 

+00006 
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The  following  is  a  table  of  observed  and  adjusted  directions: — 
ADJUSTED  DIRECTIONS 


Number 

Observed  Value 

Adjusted  Value 

..  --   -.  -  .  . 

1  ,  *  

o 

0 

00 

// 

00  00 

-0-548 

o 

359 

59 

n 

59  -  452 

2  

324 

06 

44  - 12 

+0-419 

324 

06 

44  -  539 

3  

309 

34 

33  •  07 

+0-346 

309 

34 

33-416 

4  

263 

03 

18-98 

+0-766 

263 

03 

19-746 

5  

190 

10 

23  -  75 

-0-875 

190 

10 

22 • 875 

6  

327 

15 

25  •  56 

-0-672 

327 

15 

24-888 

7  

320 

02 

51  -07 

-0-967 

320 

02 

50-103 

7H  

297 

31 

46-80 

+  1-143 

297 

31 

47-943 

8  

131 

06 

25  09 

-0-814 

131 

06 

24-276 

9  

63 

14 

08-19 

-0-286 

63 

14 

07-904 

10  

59 

04 

29-01 

+  1-396 

59 

04 

30 • 406 

11  

0 

00 

00-00 

+0-103 

00 

00 

00-103 

12  

286 

35 

21-55 

-0-082 

286 

35 

21-468 

13  

232 

04 

16-07 

-0-318 

232 

04 

15-752 

14  

49 

18 

33-51 

+0-045 

49 

18 

33 • 555 

15  

0 

00 

00-00 

-0-065 

359 

59 

59  -  935 

16  

319 

58 

56-25 

-0-199 

319 

58 

56-051 

17  

261 

56 

16-77 

+0-218 

261 

56 

16-998 

18:  :  

156 

27 

26-85 

+0-728 

156 

27 

27  -  578 

19  

139 

08 

59  -  33 

-0-331 

139 

08 

58-999 

20  

106 

10 

18-15 

+0-005 

106 

10 

18-155 

21  

65 

20 

58  -  46 

-0-379 

65 

20 

58-081 

22  

00 

00 

00-00 

-0-589 

359 

59 

59-411 

23  

328 

34 

49-10 

+0-494 

328 

34 

49 • 594 

24  

282 

21 

34-70 

+0-045 

282 

21 

34-745 

25  

224 

36 

49-86 

+0-253 

224 

36 

50-113 

26  

0 

00 

00-00 

-0-260 

359 

59 

59  -  740 

27  

26 

37 

08-18 

+0-608 

26 

37 

08  -  788 

28  

70 

30 

06-17 

-0-903 

70 

30 

05  -  267 

29  

103 

17 

26-28 

+0-396 

103 

17 

26  -  676 

29V   . 

165 

51 

43-06 

+0-162 

165 

51 

43  -  222 

30  

0 

00 

00-00 

+0-213 

0 

00 

00-213 

31  

52 

04 

47-26 

-0-451 

52 

04 

46-809 

32  

85 

57 

48-88 

+0-426 

85 

57 

49  -  306 

33  

166 

23 

46-19 

-0-297 

166 

23 

45  -  893 

33B  

208 

26 

59  -  67 

+0-111 

208 

26 

59-781 

34  

0 

00 

00-00 

-0-538 

359 

59 

59 • 462 

35  

58 

03 

23  - 15 

+0-448 

58 

03 

23 • 598 

35B  

129 

19 

57  -  74 

+0-091 

129 

19 

57-831 

36..  

115 

39 

30-31 

-0-210 

115 

39 

30-100 

37  

195 

32 

53  -  53 

+0-039 

195 

32 

53  -  569 

38  

229 

48 

46-21 

+0-351 

229 

48 

46-561 

39  

249 

34 

55  •  28 

-0-329 

249 

34 

54-951 

40  

317 

41 

46-27 

+0-176 

317 

41 

46-446 

41  

40 

37 

42-90 

-0-027 

40 

«7 

42-873 

42  

132 

41 

11-39 

+0-102 

132 

41 

11-492 

43  

68 

28 

34-93 

-0-466 

68 

28 

34-464 

44  

0 

00 

00-00 

+0-314 

0 

00 

00-314 

45  

314 

27 

56  09 

+0-042 

314 

27 

56-132 

45R  

253 

58 

34-71 

+0-008 

253 

58 

34-718 

46  

12 

58 

50-18 

-0-245 

12 

58 

49-935 

47  

321 

34 

58-91 

+0-141 

321 

34 

59  051 

47M   ... 

277 

20 

01-12 

+0-104 

277 

20 

01-224 

48  •  

52 

49 

10-09 

-0-415 

52 

49 

09-675 

49  

14 

39 

42-99 

+0-145 

14 

39 

43-135 

50  

0 

00 

00-00 

-0-028 

359 

59 

59-972 

51  

349 

20 

44-23 

+0-843 

349 

20 

45-073 

52  

326 

18 

20-00 

-0-545 

326 

18 

19-455 
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Table  of  Triangles 

In  the  following  table  are  given  the  adjusted  and  observed  angles  of  each 
triangle,  the  corrections  to  each  angle,  the  spherical  excess  and  the  triangle 
closures. 

TABLE  OF  TRIANGLES 


Huntingdon 
Newton .... 
Alexandria . , 

Newton .... 
Alexandria. . 
Rigaiid  

Vankleek . . . 
Newton . .  .  . 
Rigaud  

Alexandria . 
Vankleek . . . 
Rigaud  

Alexandria. 
Vankleek . . . 
Newton . .  .  . 

Bonville  

Alexandria . 
Huntingdon 

Maxville. . . 
Vankleek#. . 

Rigaud  

Maxville. . . 
Vankleek . . . 
Alexandria . 

Bonville  

Alexandria . 
Maxville. . . 


o  / 

"  1 

// 

N-6 

32  16 

47-228 

46-556 

+ 

0-672 

5 

79  50 

57-998 

58-873 

— 

0-875 

8-9 

67  52 

16-372 

16-90 

— 

0-528 

Sum  = 

01-598 

02-329 

01 • 598 

A  closure 

4- 
1 

0-731 

-5 

169  49 

37  064 

36-189 

+ 

0-875 

9-10 

4  09 

37-498 

39-18 

1-682 

3 

6  00 

45 • 552 

45-206 

+ 

0-346 

Sum  = 

00-114 

00-575 

e  = 

0-114 

A  closure 

1 

+ 

r\  A  fit 

ZO       O  4 

yJV  04:0 

OS .  1 S 

_|_ 
1 

—A 

OA 

-xU  c7«Jt7 

KJ    1  UU 

-1 
1 

Oo 

1 9 . 1 QA 

iz ■ loo 

U  O-iO 

Sum  = 

00-829 

01-275 

e  = 

00-829 

A  closure 

— 

+ 

0-446 

10-11 

59  04 

30  -  303 

29.-01 

+ 

1-293 

28-26 

70  30 

05  -  527 

06-17 

0-643 

1-3 

50  25 

26-036 

26-93 

0-894 

Sum  = 

01-866 

02  11 

e  = 

01-866 

A  closure 

= 

+ 

0-244 

9-11 

63  14 

07-801 

08-19 

0-389 

28-29 

43  52 

56-479 

57-99 

1-511 

4-5 

72  52 

56-871 

55-23 

+ 

1-641 

Sum  = 

01-151 

01-41 

c  = 

01-151 

A  closure 

= 

+ 

0-259 

14-15 

49  18 

33-620 

33-51 

+ 

0-110 

13-8 

100  57 

51-476 

50-98 

+ 

0-496 

6-7H 

29  43 

36-945 

38-76 

1-815 

Sum  = 

02  041 

03-25 

f  = 

02  041 

A  closure 

+01-209 

20-21 

40  49 

20  074 

19-69 

+ 

0-384 

29-26 

103  17 

26-936 

26-28 

+ 

0-656 

1-2 

35  53 

14-913 

15-88 

0-967 

Sum  = 

01-923 

01-85 

e  = 

01-923 

A  closure 

0  073 

19-21 

73  48 

00-918 

00-87 

+ 

0-048 

29-28 

32  47 

21-409 

20-11 

+ 

1-299 

11-12 

73  24 

38-635 

38-45 

+ 

0-185 

Sum  = 

0-962 

59-43 

c  = 

0-962 

A  closiire 

— 

01-532 

15-16 

40  01 

03-884 

03-75 

+ 

0-134 

12-13 

54  31 

05-716 

05-48 

+ 

0-236 

25-19 

85  27 

51114 

50-53 

+ 

0-584 

Sum  = 

0-714 

59-76 

e  = 

0-714 

A  closure 

0-954 
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TABLE  OF  TRIANGLES— ConaVm^d 


Station 


Symbol 


Angle 


Adjusted 

Observed 
(seconds) 

Correction 
(seconds) 

o  / 

11 

123 

i  i  uo 

+ 

ti 

0  073 

132  29 

08 

938 

07  -4^ 

yj  1 

+ 

1-478 

32  58 

'40 

844 

41-18 

0-336 

Sum  = 

0 

905 

59-69 

e  = 

0-905 

closure 

-01-215 

/  12 

t  OO 

34-49 

+ 

0-295 

155  28 

57 

192 

56-46 

+ 

0-732 

17  18 

28 

579 

27-52 

+ 

1-059 

Sum  = 

0 

556 

58-47 

0 

556 

^^ 

2-086 

Z2.  31 

iOU 

04-27 

2-110 

89  19 

37 

504 

37-26 

+ 

0-244 

68  09 

22 

535 

23-01 

0-475 

Sum  = 

02 

199 

04-54 

02 

199 

\ 

l^lUo  til 

+02-341 

52  04 

47-26 

0-664 

65  20 

58 

670 

58-46 

+ 

0-210 

62  34 

16 

546 

16-78 

0-234 

Sum  = 

01 

812 

02-50 

01 

812 

A 

closure 

+ 

U-D88 

68  28 

Q  1 

o-± 

lou 

34-93 

0-780 

33  53 

02 

497 

01-62 

+ 

0-877 

77  38 

24 

666 

25-30 

0-634 

Sum  = 

01 

313 

01-85 

01 

313 

A 

closure 

+ 

0-537 

34  lo 

c:o 
DZ 

52-68 

+ 

0-312 

114  18 

59 

084 

58-93 

+ 

0-154 

31  25 

09 

817 

10-90 

1-083 

Sum  = 

01 

893 

02-51 

01 

893 

A  closure 

+ 

0-617 

64  12 

QT 
Oi 

36-46 

+ 

0-568 

57  44 

44 

632 

44-84 

0-208 

58  02 

39 

063 

39-48 

0-417 

Sum  = 

0 

723 

00-78 

0 

723 

A 

closm-e 

+ 

0  057 

54  02 

01 

382 

01-75 

0-368 

80  25 

56 

587 

57-31 

0-723 

'to 

04 

182 

03-91 

+ 

0-272 

Sum  = 

02 

151 

02-97 

e  = 

02 

150 

A 

closure 

+ 

0-820 

19  46 

08 

390 

09  07 

0-680 

114  00 

38 

332 

38-84 

0-508 

46  13 

14 

849 

14-40 

+ 

0-449 

Sum  = 

01 

571 

02-31 

e  = 

01 

570 

A 

closure 

+ 

0-740 

58  03 

24 

136 

23-15 

+ 

0-986 

42  03 

13 

888 

13-48 

+ 

0-408 

79  53 

23 

469 

23-22 

0-249 

Sum  = 

01 

493 

59-85 

e  = 

01 

494 

A 

closure 

+01-644 

Rigaud  

Alexandria . . 
Maxville  

Huntingdon . 
Alexandria. . 
Maxville  

Huntingdon . 

Bonville  

Maxville  

Plantagenet . 

Maxville  

Vankleek . . . 

Roxboro  

Plantagenet . 
Maxville  

Navan  

Plantagenet . 
Maxville  

Roxboro .... 

Maxville  

Bonville  

Navan  

Plantagenet . 
Roxboro  

Navan  

Roxboro  

Maxville  

Buckingham 
Plantagenet . 
Navan  


2-3 
10-12 
19-20 


6-7 
12-8 
18-19 


7-7H 
14-16 
25-18 


31-30 
21-22 
29V-29 


43-44 
32-31 
22-24 


38^37 
33-31 
22-23 


42-43 
24-25 
16-17 


39-37 
33-32 
44-45 


39-38 
43-45 
23-24 


35-34 
33P-33 
37-36 
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Station 


King  Mountain, 

Plantagenet  

Navan  


King  Mountain. 

Plantagenet  

Buckingham . . . 


Navan  

Roxboro  

North  Mountain 


King  Mountain. 

Navan  

Roxboro  


King  Mountain . . 

Navan  

North  Mountain. 


King  Mountain . . 

Roxboro   . 

North  Mountain. 


King  Mountain. 

Buckingham  

Navan  


Symbol 


Angle 


Adjusted 


51-52  I 


37-41 

51-52 
'35B-34 


40-39 

45-  45R 

46-  47 


4^50 
41-39 


48-50 
41-40 
.  47-47M 


48-49 
46-47M 


50-52 
35B-35 
36-41 


10  39 
14  25 
154  55 
Sum  = 


14-899 
35-503 
10-696 
01-098 
01-098 


23    02  25-618 
27    37  38-385 
129    19  58-369 
Sum  =  02-372 
6     =  02-372 


68  06 
60  29 
51  23 
Sum  = 


51-495 
21-414 
50-884 
03-793 
03  -  793 


14    39  43-163 
151    02  47-922 
14    17  30-648 
Sum  =  01-733 
e     =  01-733 


52  49 
82  55 
44  14 
Sum  = 


38  09 
46  11 
95  38 
Sum  = 


09-703 

56-  427 

57-  827 
03-957 
03-957 

26-540 
50-766 
48-711 
06-017 
06-017 


33  41  40-517 
71  16  34-233 
75  01  47-227 
Sum  =  01-977 
c     =  01-976 


Observed 
(seconds) 


15-77 

not  observed 
10-63 


24-23 

not  observed 
57-74: 


50-  99 
21-38 

51-  27 
03-64 

A  closure  = 

42-99 
47-62 

not  obf,erved 


10-09 

56-  63 

57-  79 
04-51 

A  closure 

27-10 
49-06 
49-06 


40-00 
34-59 
47-41 
02-00 
A  closure 
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Comparison  of  Log  Distances 


A  further  check  on  the  accuracy  is  given  by  the  agreement  of  the  logarithms 
of  the  distances  computed  through  different  chains  of  triangles.  These  results 
are  here  tabulated. 


Line 

Log  Distance 

  4-80204.39 

  4-86204.39 

u                a  u 
<<                a  n 

  4-722.5263 

  4-722.5264 

  4-7225263 

  4-6550151 

  4-6550151 

u  H 

  4-6613835 

H  ii 

  4-3647465 

  4-6937116 

Alexandria — Huntingdon  

  4-5491897 

  4-5491899 

Alexandria — Newton  

  4-28.36249 

  4-2836247 

Alexandria — Rigaud  

ii  u 

  4-510.5236 

  4-510.52.37 

Vankleek — Rigaud  

  4-469.5796 

Vankleek — Newton  

  4-39.35651 

  4-3935649 

Alexandria — Vankleek  

  4-4231024 

  4-4231022 

Maxville — Vankleek  

  4-4222.335 

  4-4222336 

  4-42223.34 

  4-4222.335 

a  << 
«  a 

  4-6424025 

Maxville — Alexandria  

«  u 

  4-1743361 

  4-174.3360 

  4-1743359 

MaxviUe — Bonville  

<<  << 

<<  u 

  4-2768931 

  4-2768932 

  4-2768932 

Plantagenet — Vankleek  

  4-4837333 

Plantagenet — Maxville  

  4-4734406 

Roxboro — Maxville  

  4-2510888 

Roxboro — Plantagenet  

  4-4946498 

144  Geodetic  Survey  of  Canada 

Comparison  of  Log  Distances — Concluded. 

Line.  Log  Distance 

Roxboro — Bonville   4  •  249669 1 

  4-2496694 

Navan — Plantagenet   4  •  440005 1 

  4-4400050 

Navan— Maxville   4  •  6825757 

"    4-6825759 

Navan— Roxboro  T   4  •  580424 1 


4-5804242 

4^5045202 

4-3372797 

4-8003730 
4-8003730 

4-6271506 

4-5695568 
4  - 569556S 
4-5695569 
4-5695566 

4-5781758 
4-5781759 
4-5781759 


Buckingham — Plantagenet  

Buckingham — Navan  

King  Mountain — Plantagenet. 

(<  a 

Navan — North  Mountain  

King  Mountain — Navan  

((  i( 
u  ti 

King  Mountain — Buckingham 

a  n  i( 

a  (C  (( 


x\ngle  Equations  of  Quadrilaterials 
maxville  alexajfdria 


BOWll,l,E  HITNTtNGDON 

I  S    Z   =25-18  +  15-16-13+8-6  +  7  =  +l-''290 

II  2  Z+y's  =  25-18  +  14-16+7-7H  +  (25)-(18)  +  (14)-(16)  +  (7)- 

(7H)  =  180°  00'  02 -''199 

III  2  Z  +7's  =  13-8  +  6-7H  +  14-15  +  (13)-(8)  +  (6)-(7H)  +  (14)-(15)  = 

180°  00'  02 -''041 

Angle  Equation  -  - 1  +  11  -  III  =  (25)  -  (18)  +  (15)  -  (16)  -  (13)  +  ((8)  -  (6  ) 
+7  +  1-132  =  0 

I  2  Z  =14-15  +  7-7H-12  +  13-18  +  19=+4-780 

II  2  Z  +7's  =  14-15+6-7H  +  13-8  +  (14)-(15)  +  (6)-(7H)  +  (13)-(8)  = 

180°  00'  02 -"041 

III  2  Z+7's  =  18-19  +  12-8+6-7  +  (18)-(19)  +  (12)-(8)  +  (6)-(7)  = 

180'  00'  00 -"556 

Angle  Equation  =  I  +  II  -  III  =  (14)  -  (15)  +  (7)  -  (7H)  -  (12)  +  (13)  -  (18)  +  (19) 
+3-295  =  0 

2  Z  =6-7H  +  12-8  +  25-19  +  14-16  =  360°  00'  03-"010 

2  Z+Fs  =  6-7H  +  12-8+25-19  +  14-16  +  (6)-(7H)  +  (12)-(8)+  • 

(25)  -  (19)  +  (14)  -  (16)  =  360°  00'  02  -  "755 
Angle  Equation  =  (6)  -  (7H)  +  (12)  -  (8)  +  (25)  -  (19)  +  (14)  -  (16)  +0  •  255  =  0 
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VIII  I 

I 

! 

KING  MOUNTAIN— MURRAY  NET 

1 

Introduction 

This  net  is  based  on  the  fixed  line  King  Mountain  to  North  Mountain,  as 
obtained  from  the  adjustment  of  the  Rigaud-North  Mountain  net,  and  concludes 
on  the  line  Murray-Grimsthorpe  some  130  miles  in  a  southwesterly  direction 
from  King  Mountain.  It  embraces  twenty-seven  conditions,  and  was  founded 
on  the  Canadian  datum,  i.e.  on  an  observed  (p  45°  30'  36.99"  at  Vankleek  Hill, 
an  observed  a  102°  38'  10.84"  from  Vankleek  Hill  to  Royal  and  X  73°  35'  25. 197" 
of  Royal  as  per  United  States  geodetic  net.    For  map  of  this  net  see  page  164. 

This  net  is  of  primary  accuracy,  but  being  based  on  the  Canadian  datum, 
its  results  are  only  preliminary,  and  the  chief  interest  lies  in  the  methods  used  in 
the  adjustment.  It  was  later  included  in  a  larger  net,  Dusable-Haldimand, 
based  on  the  North  American  datum,  a  description  of  which  appears  on  page  11. 

Preliminary  Corrections  to  Observed  Directions 

All  observed  directions  were  corrected  for  altitude  of  the  stations  above 
mean  sea  level  and  reduced  to  the  geodetic  line  by  the  formulae  108"  cosV  sin  2 

(d    \2  . 
)  respectively.  These  corrections  were  very 

small,  resulting  in  a  maximum  of  only  0.016"  and  therefore  smaller  than  the 
probable  error  of  a  direction  as  given  by  the  adjustm.ent.  This  correction  will 
be  omitted  in  the  future  except  for  high  altitudes. 

Condition  Equations 

The  direction  method  was  employed  and  the  side  equations  picked  out 
according  to  the  plan  given  on  pages  233-242*  of  Jordan  1,  while  the  angle 
equations  were  also  selected  according  to  the  ideas  given  on  pages  249-252*  of 
Jordan  1.  This  plan,  while  giving  ideally  the  best  results  will  not  be  continued 
in  the  future  as  it  entails  too  much  work,  especially  for  big  systems  which  may 
occur.  Hence  in  future  6-term  side  equations  and  three  angle  equations  of  a 
quadrilateral  selected  from  the  closure  of  three  triangles  will  be  used.  This  will 
greatly  lessen  the  work  in  solving  the  normal  equations,  and  will  more  than 
compensate  for  the  slight  decrease  in  the  probable  error. 

The  condition  equations  are  detailed  in  the  following  order,  side  equations 
first,  viz.: — 

SIDE  EQUATIONS 

(Kaladar)-Olden-Portland-Tyendinaga-Grimsthorpe 

sir.  35-34  sin  40-41  sin  48-47  sin  55-54 
 =  1 

sin  39-40  sin  44-48  sin  56-55  sin  36-35 


log  sin       90  40  33-69  =  9-9999698   -  0-2  (35)  -  (34) 

43  25  24-33  =  9-8371998   22-2  (40)  -  (41) 

30  00  13-67  =  9-6990199   36-5  (48)  -  (47) 

23  15  36-05  =  9-5964920   49-0  (55)  -  (54) 


  =  9-1326815 

*  Vermessungskunde,  Jordan,  Vol.  1,  5th.  edition. 
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(Kaladar)-Olden-Portland-Tyendinaga-Grim8Thorpe — Continued. 


log  sin 

35 

13 

1311 

=    9  -  7609664  

  29-8 

(39) 

-  (40) 

69 

06 

15-27 

=  9-9704542  

  8-0 

(44) 

-  (48) 

48 

43 

54-86 

=  9-8760050  

  18-5 

(56) 

-  (55) 

({ 

19 

34 

58-25 

=    9 • 5252645  

  59-2 

(36) 

-  (35) 

=  9-1326901 
-  86 


■fO-02  (34)  +5 •9a  (35)  -5-92  (36)  -2-98  (39)  +5-20  (40) 
-2-22  (41)  -0-80  (44)  -3-65  (47)  +4-45  (48)  -4-90  (54) 
+6-75  (55)    -1-85  (56)  -8-60  =  0 

Forming  Normal  Equation  No.  1 

2  =  217-4656 

(Olden)-Lavant-N.  Crosby-Portland-Kaladar 
sin  17-16  sin  30 --29  sin  39-40  sin  49-53 


=  1 


o 

log  sin 

46 

53 

06-05 

a 

70 

34 

43-43 

i( 

35 

13 

1311 

25 

34 

14-35 

« 

54 

15 

59-38 

54 

46 

20-83 

54 

06 

14-87 

<< 

18 

36 

19-48 

sin  31-30  sin  38-39  sin  50-49  sin  17l.o-17 

9-8633131   19-7  (17)  -  (16) 

9-9745574   7-4  (30)  -  (29) 

9-7609664   29-8  (39)  -  (40) 

9-6351053.:   44-0  (49)  -  (53) 


9-2339422 


9-9094181   15-1  (31)  -  (30) 

9-9121517   14-9  (38)  -  (39) 

9-9085300   15-2  (50)  -  (49) 

9-5038571   62-5  (17La)  -  (17) 


9-2339569 
-147 


1-97  (16)  +8-22  (17)  -6-25  (17La)  -0-74  (29)  +2-25  (30) 
1-51  (31)  -1-49  (38)  +4-47  (39)  -2-98  (40)  +5-92  (49) 
1-52  (50)    -4-40  (53)  ^  -14-7  =  0 

Forming  Normal  Equation  No.  2 

S  =  206-2002 


II 

log  sin 

42 

40 

58-81 

u 

40 

39 

43-80 

(( 

65 

20 

09-00 

29 

30 

05-15 

ii 

46 

31 

30-46 

n 

50 

07 

50-10 

u 

23 

52 

20-22 

a 

61 

17 

29-12 

(Centre)-Lavant-N.  Elmsley-Bastard-N.  Crosby 

sin  12-59  sin  21-20  sin  26-31  sin  15-14 
 =  1 

sin  22-21  sin  27-26  sin  16-15  sin  11-12 

9-8311922   22-8  (12)  -  (59) 

9-8139796   24-5  (21)  -  (20) 

9-9584537                                           9-7  (26)  -  (31) 

9-6923580   37-2  (15)  -  (14) 

9-2959835 

9-8607429   20-0  (22)  -  (21) 

9-8850826   17-6  (2.7)  -  (26) 

9-6071325   47-6  (16)  -  (15) 

9-9430363   11-5  (11)  --  (12) 


9-2959943 
-108 


■1-15  (11)  +3-43  (12)  -3-72  (14)  +8-48  (15)  -4-76  (16) 
•2-45  (20)  +4-45  (21)  -2-00  (22)  +2-73  (26)  -1-76  (27) 
•0-97  (31)    -2-28  (59)  -10-80  =  0 

Forming  Normal  Equation  No.  3 

2  =  167-98F.6 
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(N.  Crosby)-Lavant-Bastard-Lansdowne-Portland-Olden 
sin  16-15  sin  20-19  sin  25-25Lo  sin  38-39  sin  33-32 


sin  21-20  sin  24-25  sin  37-38     sin  34-35  sin  17  -16 


=  1 


log  sin 

0 

23 

r 

52 

20-22 

=  9-6071325  

  47-6 

« 

109 

28 

38-64 

=  9-9744073  

  -  7-4 

<< 

39 

22 

09-64 

=  9-8023063  

  25-7 

54 

46 

20-83 

=  9-9121517  

  14-9 

t( 

78 

50 

58-92 

=  9-9917236  

  4-2 

9-2877214 


(16)  -  (15) 

(20)  -  (19) 

(25)  -  (25La) 

(38)  -  (39) 

(33)  -  (32) 


40 

39 

43-80 

-  9-8139796  

  24-5 

(21)  - 

(20) 

n 

39 

13 

36-92 

=  9-8009873  

  25-8 

(24)  - 

(25) 

52 

14 

20-89 

=  9-8979423  

  16-3 

(37)  - 

(38) 

54 

38 

58-97 

=  9-9114932  

  14-9 

(34)  - 

(33) 

li 

46 

53 

06  05 

=  9-8633131  

  19-7 

(17)  - 

(16) 

=  9-2877155 
+  59 


-  4-76  (15) 
-2-45  (21) 
+  1-91  (33) 


+  6-73  (16) 

-  2-58  (24) 

-  1-49  (34) 


-1-97  (17) 
+  5-15  (25) 
-  1-63  (37) 


+  0-74  (19) 
-  2-57  (25La) 
+  3-12  (38) 


+  1-71  (20) 
-0-42  (32) 
-  1-49  (39) 


Forming  Normal  Equation  No.  4 

S  =  141-7454 


(Bastard)-N.  Elmsley-Elizabethtown-Lansdowne-N.  Crosby 

sin  6-7-  sin  23-24  sin  28-27  sin  12-59 
  =  1 

sin  7-7E  sin  24-25  sin  27-26  sin  59-8 

o  /  // 


log  sin 

44 

53 

23 

11 

=  9-8486477  

  21 

1 

(6)  - 

(7) 

a 

65 

36 

20 

57 

=  9-9593872  

  9 

5 

(23)  - 

(24) 

i( 

31 

17 

46 

14 

=  9-7155534  

  34 

6 

(28)  - 

(27) 

« 

42 

40 

58 

81 

=  9-8311922  

  22 

8 

(12)  - 

(59) 

=  9-3547805 


u 

42 

11 

46-28 

=  9-8271568  

  23-2 

(7)  - 

<( 

39 

13 

36-92 

=  9-8009873  

  25-8 

(24)  - 

a 

50 

07 

50  - 10 

=  9-8850826  

  17-6 

(27)  - 

ti 

43 

58 

26-23 

=  9-8415667  

  21-8 

(59)  - 

=  9-3547934 
-  129 


+  2-11  (6) 
+  0-95  (23) 
+  3-46  (28) 


-  4-43 

-  3-53 

-  4-46 


(7) 
(24) 
(59) 


+  2-32  (7E) 
+  2-58  (25) 


+  2. 
+  1- 


(8) 
(26) 


+  2-28 
-  5-22 


(12) 
(27) 


-  12-90 


Forming  Normal  Equation  No.  5 

2  =  121-6392 
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(North  Elmsley)-King  Mountain-North  Mountain-Elizabethtown-Bastard-Lavant 


sin  2-2  K  sin  4-4  M  sin  6-  7  sin  22-21  sin  14-13 
 =  1 

sin  3-4     sin  5-6      sin  18-22  sin  15-14  sin  1-2 

o  /  // 


log  sin 

46 

00 

56 

695  = 

9-8570493  

  20-3 

(21)  - 

(2K) 

+  58 

40 

01 

96  = 

9-9315400  

 +  12-8 

(4)  - 

(4M) 

a 

44 

53 

23 

11  = 

9-8486477  

  21-1 

(6)  - 

(7) 

(t 

46 

31 

30 

46  :i 

9-8607429  

  20-0 

(22)  - 

(21) 

it 

49 

36 

49 

92  = 

9-8817811  

  17-9 

(14)  - 

(13) 

9-3797610 


"      -f  77 

04 

47-824  = 

9-9888634  

  +4 

8 

(3)  - 

(4) 

62 

10 

51-83  = 

9-9466619  

  11 

1 

(5)  - 

(6) 

91 

08 

12-50  = 

9-9999145  

  -  0 

4 

(18)  - 

(22) 

29 

30 

05-15  = 

9-6923580  

  37 

2 

(15)  - 

(14) 

34 

23 

42-974  = 

9-7519707  

  30 

8 

(1)  - 

(2) 

=  9-3797685 
-  75 

-  3-08     (1)    +  5-11     (2)    -  2-03  (2K)   -  0-48    (3)    +  1-76  (4) 
-1-28  (4M)  -  1-11     (5)    +  3-22      (6)   -  2-11     (7)    -  1-79  (13) 
+  5-51  (14)    -  3-72  (15)    +  0-04    (18)   -  2-00  (21)    +  1-96  (22)    -    7-50  =  0 
Forming  Normal  Equation  No.  6 

2  =  115-9842 


(TYENDINAGAj-KALADAR-PoRTLAND-HALLOWELL-MuRRAY-GRIMSTHORPE 


sin  40-41  sin  42-43  sin  58-58Mj/  sin  56(3-56  sin  52-51  sin 
sin  41-4lPsin  43-43//  sin  58-57     sin  56-55  sin  51-50  sin 


=  1 


log  sin 


43 
52 
44 
39 
101 


36 
64 
40 
48 
67 


25 
35 
55 
56 
15 


22 
29 
46 
43 
28 


24-33 
59-04 
07-31 
14-12 
54-36 


48-95 
52-37 
38-22 
54-86 
24  14 


9-8371998   22-2  (40)  -  (41) 

9-9000457   16-1  (42)  -  (43) 

9-8488678   21-1  (58Mv)  -  (58) 

9-8075002   25-1  (56(?)  -  (56) 

9-9915512   -  4-2  (52)    -  (51) 

9-3861647 

9-7731584   28-6  (41) 

9-9554806   10-0  (43) 

9-8149933   24-4  (58) 

9-8760050   18-5  (56) 

9-9655317   8-7  (51) 


(41P) 
(43//) 
(57) 
(55) 
(50) 


9-3851690 
-  43 


+  2-22  (40)  -  5-08  (41)  +  2-86  (4lP)  +  l-61  (42)  -  2-61  (43) 
+  1-00  (43//)  +  0-87  (50)  -  0-45  (51)  -  0-42  (52)  +  1-85  (55) 
-  4-36  (56)    +  2-51  (56g)  +  2-44  (57)    -  4-55  (58)    +  2-11   {5SMy)  -4-30  =0 

Forming  Normal  Equation  No.  7 

X  =  110-2948 
ANGLE  EQUATIONS  OF  TRIANGLES 


2  Z,=  (2-2Z)  +  (3-4)  +  (9-10)  =  180°  00' 07-499" 

+  j;'s=  +y's   -  180°  00' 05-912"  =  0 

Angle  Eq.  (2)  -  {2K)  +  (3)  -  (4)  +  (9)  -  (10)  +01-587   =  0 

2  Z^=  (1-2)  +  (10-11)  +  (14-13)  =  180°  00'  06-584" 

+  y's=  +t;'s   ^  180°  00' 07-051"  =  0 

Angle  Eq.  (1)  -  (2)  +  (10)  -  (11)  -  (13)  +  (14)  -  0-467   =  0 

2  (4-4M)  +  (5-6)  +  (8-9)  =  180°  00' 02-96" 

+  v's=  +i''s   -  180°  00' 04-320"  =  0 

Angle  Eq.  (4)  -  (4M)  +  (5)  -  (6)  +  (8)  -  (9)  -  01-360   =  0 
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2  Z,=  (6-7)  +  (59-8)  +  (18-22)  =  180°  00' 01 -84" 

+  y's=  +v's   -  180°  00' 02-382"  =  0 

Angle  Eq.  (6)  -  (7)  -  (8)  +  (18)  -  (22)  +  (59)  -  0-542   =  0 

2  Zo=  (7-7^;)  +  (19-18)  +  (23-24)  =  180°  00'  01-45" 

+  ?;'s=  v'a   -  180°  00' 01-646"  =  0 

Angle  Eq.  (7)  -  {7E)  -  (18)  +  (19)  +  (23)  -  (24)  -0-196   =  0 

2  Z^=  (20-19)  +  (24-25)  +  (28-27)  =  180°  00' 01 -70" 

+  v'8=  +  y's   -  180°  00' 01-433"  =  0 

Angle  Eq.  (19)  +  (20)  +  (24)  -  (25)  -  (27)  +  (28)  +  0-237   =  0 

2  Zo=  (25-25La)  +  (29-28)  +  (37-38)  =  180°  00'  02-48" 

+  t;'s=  +v's   -  180°  00' 03-368"  =  0 

Angle  Eq.  (25)  -  (25La)  -  (28)  +  (29)  +  (37)  -  (38)  -  0-888   =  0 

2  Z^=  (^0-29)  +  (34-33)  +  (38-39)  =  180°  00' 03-23" 

+  y'8=  +y's   -  180°  00' 02-553"  =0 

Angle  Eq.  -  (29)  +  (30)  -  (33)  +  (34)  +  (38)  -  (39)  +  0-677   =  0 

2  Zo=  (17-16)  +  (31-30)  -f  (33-32)  =  180°  00' 04-35" 

+  y's=  +v's   -  180°  00' 02-958"  =  0 

Angle  Eq.  -  (16)  +  (17)  -  (30)  +  (31)  -  (32)  +  (33)  +  1-392   =  0 

2  Zo=  (35-34)  +  (39-40)  +  (50-49)  =  180°  00' 01 -67" 

+  y's=  +  y's   -  180°  00' 02-573"  =  0 

Angle  Eq.  -  (34)  +  (35)  +  (39)  -  (40)  -  (49)  +  (50)  -  0-903   =  0 

2  Zo=  (40-41)  +  (44-48)  +  (51-50)  =  180°  00' 03 -74" 

-j-y'a=  +y'8   -  180°  00' 03-743"  =  0 

.  Angle  Eq.  (40)  -  (41)  +  (44)  -  (48)  -  (50)  +  (51)  -  0-003   =  0 

2  (41-41P)  +  (42-43)  +  (45-44)  =  180°  00' 03 -45" 

+  v's=  +t;'s   -  180°  00' 04  020"  =  0 

Angle  Eq.  (41)  -  (41P)  +  (42)  -  (43)  -  (44)  +  (45)  -  0-570   =  0 

2  Z«  =  (47-46)  +  (58-57)  +  (56G-56)  =  180°  00' 05-02" 

+  i,'8=  +y'8   -  180°  00' 04-924"  =  0 

Angle  Eq.  -  (46)  +  (47)  -  (56)  +  (56(?)  -  (57)  +  (58)  +  0-096   =  0 

2  Zo=  (48-47)  +  (52-51)  +  (56-55)  =  180°  00' 02-89" 

+  y's=  +v'a   -  180°  00' 01-945"  =  0 

Angle  Eq.  -  (47)  +  (48)  -  (51)  +  (52)  -  (55)  +  (56)  +  0-945   =  0 

2  Z„=  (46-45)  +  (43-43H)  +  (58Mi/-58)  =  180°  00' 02-60" 

+  v'8=  +y's   -  180°  00' 03-619"  =  0 

Angle  Eq.  (43)  -  (43i7)  -  (45)  +  (46)  -  (58)  +  (58M2/)  -  1-019.  .  .  .  =  0 

2  Zo=  (17La-17)  +  (32-35)  +  (49-53)  =  180°  00' 02-25" 

+  y's  =  +  y's   -  180°  00'  01  -  727"  =  0 

Angle  Eq.  (17)  +  (17La)  +  (32)  -  (35)  +  (49)  -  (53)  +  0-523   =  0 

2  Zo=  (36-35)  +  (49-52)  +  (55-54)  =  180°  00' 00-93" 

+  t;'s=  +r's   -  180°  00' 01-057"  =  0 

Angle  Eq.  -  (35)  +  (36)  +  (49)  -  (52)  -  (54)  +  (55)  -  0-127   =  0 

ANGLE  EQUATIONS  OF  QUADRILATERALS 

2  ±  Zo  =  (11-12)  +  (15)  -  (14)  -  (21-20)  -  (27-26)  =  0-37 

2  Zo  +  v's  of  A  Lavant-North  Elmsley-Bastard  =  180°  00'  3  -  463" 

2  Z„  +  y's  of  A  North  Crosby  :  .  .  =  180°  00'  2-137" 

Angle  Eq.  =  1  +  2  ~  3  =  (11)  -  (12)  -  (14)  +  (15)  +  (20)  -  (21) 

+  (26)  -  (27)  -  0-956  =  0 

2  ±  Zo  =  (15-16)  +  (26-31)  -  (12-59)  -  (22-21)  =  -0-05 

2  Zo  +  v's  of  A  Lavant-Crosby-Bastard  =  180°  00'  02-747" 

2  Zo  +  v's  of  A  North  Crosbv-Bastard-Elmsley  =  180°  00'  02  -137" 

Angle  Eq.  =  1  +  2  -  3  =  (12)  -  (15)  +  (16)  +  (21)  -  (22)  +  (26) 

-  (31)  +  (59)  -  0-660  =  0 

2  ±  Zo  =  (11-59)  +  (22-20)  +  (27-31)  +  (16-14)  =  "60°  00'  06-66" 

2Zo+t;'s=  -j-v's   =  360°  00' 06-210" 

Angle  Eq.  =  (11)  -  (14)  +  (l.'>)  -  (20)  +  (22)  +  (27)  -  (31)  -  (59).  .  +  0-450  =  0 
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Summaries  of  the  Condition  Equations 

The  condition  equations  are  here  collected,  the  first  seven  being  side  equa- 
tions and  the  last  twenty  being  angle  equations. 


CONDITION  EQUATIONS 

1.  0-02  (34)  +  5-90  (35)  -  5-92  (36)  -  2-98  (39)  +  5-20  (40)  -  2-22  (41)  -  0-80  (44) 
4-45  (48)  -  3-65  (47)  -  4-90  (54)  +  6-75  (55)  -  1-85  (56)  -  8-80  =  0 

2.  -1-97  (16)  +  8-22  (17)  -  6-25  (17La)  -  -74  (29)  +  2-25  (30)  -  1-51  (31)  -  1-49  (38) 
+  4-47  (39)  -  2-98  (40)  +  5-92  (49)  -  1-52  (50)  -  4-40  (53)  -  14-70  =  0 

3.  -  1-15  (11)  +  3-43  (12)  -  3-72  (14)  +  8-48  (15)  -  4-76  (16)  -  2-45  (20)  -f-  4-45  (21) 

-  2-00  (22)  +  2-73  (26)  -  1-76  (27)  -  0-97  (31)  -  2-28  (59)  -  10-80  =  0 

4.  -  4-76  (15)  +  6-73  (16)  -  1-97  (17)  +  0-74  (19)  +  1-71  (20)  -  2-45  (21)  -  2-58  (24) 
+  5-15  (25)  -  2-57  (25La)  -  0-42  (32)  +  1-91  (33)  -  1-49  (34)  -  1-63  (37)  +  3-12  (38) 

-  1-49  (39)  +  5-90  =  0 

5.  +  2-11  (6)  -  4-43  (7)  +  2-32  (7E)  +  2-18  (8)  +  2-28  (12)  -f  0-95  (23)  -  3-53  (24) 
-f  2-58  (25)  +  1-76  (26)  -  5-22  (27)  +  3-46  (28)  -  4-46  (59)  -  12-90  =  0 

6.  -  3-08  (")  +5-11  (2)  -  2-03  (2K)  -  0-48  (3)  +  1-76(4)  -  1-28  (4M)  -  Ml  (5)  +  3-22 
(6)  -  2-11  (7)  -  1-79  (13)  +  5-51  (14)  -  3-72  (15)  +  0-04  (18)  -  2-00  (21)  +  1-96  (22) 

-  7-50  =  0 

7.  +  2-22  (40)  -  5-08  (41)  +2-86  (41P)  +  1-61  (42)  -  2-61  (43)  +  1-00  (43H)  +  0-87  (50) 

-  0-45  (51)  -  0-42  (52)  +  1-85  (55)  -  4-36  (56)  +  2-51  (56G)  +  2-44  (57)  -  4-55  (58) 
+  2-11  (58My)  -  4-30  =  0 

8.  (11)  -  (14)  +  (16)  -  (20)  +  (22)  +  (27)  -  (31)  -  (59)  +  0-450  =  0 

9.  (11)  -  (12)  -  (14)  +  (15)  +  (20)  -  (21)  +  (26)  -  (27)  -  0-956  =  0 

10.  -  (12)  -  (15)  +  (16)  +  (21)  -  (22)  +  (26)  -  (31)  +  (59)  -  0-660  =0 

11.  -  (17)  +  (17La)  +  (32)  -  (35)  +  (49)  -  (53)  +  0-523  =0 

12.  -  (35)  +  (36)  +  (49)  -  (52)  -  (54)  +  (55)  -  0-127  =  0 

13.  (2)  -  (2K)  +  (3)  -  (4)  +  (9)  -  (10)  +  1-587  =  0 

14.  (1)  -  (2)  +  (10)  -  (11)  -  (13)  +  (14)  -  0-467  =  0 

15.  (4)  -  (4M)  +  (5)  -  (6)  +  (8)  -  (9)  -  1-360  =  0 
18.  !i(6)  -  (7)  -  (8)  +  (18)  -  (22)  +  (59)  -  0-542  =  0 

17.  (7)  -  (7E)  -  (18)  +  (19)  +  (23)  -  (24)  -  0-196  =0 

18.  -  (19)  +  (20)  +  (24)  -  (25)  -  (27)  +  (28)  +  0-237  =  0 

19.  (25)  -  (25La)  -  (28)  +  (29)  +  (37)  -  (38)  -  0-888  =  0 

20.  -  (29)  +  (30)  -  (33)  +  (34)  +  (38)  -  (39)  +  0-677  =0 

21.  -  (16)  +  (17)  -  (30)  +  (31)  -  (32)  +  (33)  +  1-392  =  0 

22.  -  (34)  +  (35)  +  (39)  -  (40)  -  (49)  +  (50)  -  0-903  =  0 

23.  (40)  -  (41)  +  (44)  -  (48)  -  (50)  +  (51)  -  0-003  =  0 

24.  (41)  -  (41P)  +  (42)  -  (43)  -  (44)  +  (45)  -  0-570  =  0 

25.  -  (46)  +  (47)  -  (56)  +  (56G)  -  (57)  +  (58)  +  0-096  =  0 

26.  -  (47)  +  (48)  -  (51)  +  (52)  -  (55)  +  (56)  +  0-945  =0 

27.  (43)  -  (43^")  -  (45)  +  (46)  -  (58)  +  (58My)  -  1-019  =  0 
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Check. 

-1  0158595 
+220-9145 
+128-4369 
+  29-27362 
+  44-0673 
0 

+  78-1852 

-  4-48035 
+177-6063 

0 

+  75-3301 

+141-3619 

-  44-06303 
+  0-4500 

0 

+  9-1240 
0 

+  1-9000 
0 

-  3-9770 
+  5-99357 
+  11-8930 
+  0-17270 
+  8-4870 

0 

-  3-9270 

0 

-  0-5800 

0 

+  4-4880 
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0 
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0 
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0 
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-  2-20442 

-  3-7100 
+  1-44252 
+  0-1760 
+  1-82855 

-  5-7350 
+  0-50793 
+  4-0310 

0 

Absolute 
Term. 

+0-03t5165 
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-  1-13960 
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+  0-17442 
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Adjusted  Directions 

The  following  table  shows  the  observed  directions,  the  corrections  and 
adjusted  directions: — 
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Observed  Direction 

Correction 

Adjusted  Direction 
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359 

59 

59  -  469 

7E 

317 

48 

13-72 

+ 

•081 

317 

48 

13-801 

8 

67 

56 

57-18 

•295 

67 

56 

57-475 

9    . . 

08 

47 

48-01 

•463 

08 

47 

47-547 

10 

311 

53 

25  03 

•374 

311 

53 

25-404 

11  

215 

53 

51-34 

•103 

215 

53 

51-237 

12  

154 

36 

22-22 

+ 

•167 

154 

36 

22-387 

59 

111 

55 

23-41 

•270 

111 

55 

23  - 140 

13  

257 

00 

44-71 

_ 

•324 

257 

00 

44-386 

14  

306 

37 

34-63 

+ 

•390 

306 

37 

35-020 

15  

336 

07 

39-78 

+ 

•505 

336 

07 

40-285 

16  

00 

00 

00 

•259 

359 

59 

59-741 

17. . . 

46 

53 

06  05 

4- 

•310 

46 

53 

06  -  360 

17La 

65 

29 

25 '53 

•623 

65 

29 

24-907 

18 

178 

19 

26-76 

_ 

•061 

178 

19 

26-699 

19 

250 

31 

21-36 

+ 

•208 

250 

31 

21-568 

20 

00 

00 

00 

•135 

359 

59 

59-865 

21 

40 

39 

43-80 

•173 

40 

39 

43-973 

22 

87 

11 

14-26 

•186 

87 

11 

14-074 

23 

00 

00 

00 

4- 

•138 

360 

00 

00- 138 

24 

294 

23 

39-43 

•400 

294 

23 

39  030 

25 

255 

10 

02-51 

+ 

•230 

255 

10 

02 ■ 740 

25L 

215 

47 

52-87 

-j- 

•033 

215 

47 

52  -  903 

26 

309 

52 

09-90 

-1- 

•733 

309 

52 

10-633 

27 

00 

00 

00 

•685 

359 

59 

59-315 

28 

31 

17 

46-14 

+ 

•051 

31 

17 

46-191 

29 

119 

41 

18-09 

-f- 

•210 

119 

41 

18-300 

30 

190 

16 

01-52 

•459 

190 

16 

01-979 

Qi 

244 

oZ 

on 

.  7AQ 
•  /Oo 

OAA 

uu  lO^ 

32 

281 

09 

01-08 

+ 

-411 

281 

09 

01  • 491 

33 

00 

00 

00 

•322 

359 

59 

59 • 678 

34 

54 

38 

58-97 

-248 

54 

38 

58 • 722 

35 

19 

32-66 

-4- 

-502 

145 

19 

33 • 162 

36  

164 

54 

30-91 

-343 

164 

54 

30^567 

37  

52 

14 

20-89 

+ 

-067 

52* 

14 

20-957 

38  

00 

00 

00 

-465 

359 

59 

59-535 

39  

305 

13 

39-17 

+ 

-535 

305 

13 

39-705 

40 

270 

00 

26-06 

+ 

-034 

270 

00 

26  094 

41  

226 

35 

01-73 

-021 

226 

35 

01-709 

41P 

190 

12 

12-78 

•  151  • 

190 

12 

12-629 

42  

117 

05 

51-41 

+ 

-236 

117 

05 

51-646 

64 

29 

52-37 

•015 

64 

29 

52-355 

43H 

00 

00 

00 

•221 

359 

59 

59-779 

44  

69 

06 

15-27 

•223 

69 

06 

15-047 

45  

160 

07 

30-73 

•035 

160 

07 

30-695 

46  

230 

42 

33-65 

•206 

230 

42 

33-856 

47  

329 

59 

36-33 

•009 

329 

59 

46-321 

48  

00 

00 

00 

+ 

•061 

369 

00 

00-061 

49  

238 

25 

20-99 

+ 

•263 

238 

25 

21-253 

50  

292 

31 

35-86 

•086 

292 

31 

35-774 

51  

09 

00 

00 

+ 

•147 

360 

00 

00  147 
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ADJUSTED  DIRECTIONS— Con^wwed. 


Direction  No. 

Observed  Direction 

Correction 

Adjusted  Direction 

52  

101 

15 

11 

54-36 

// 

•086 

o 

101 

15 

54-274 

53  

212 

51 

06-64 

•238 

212 

51 

06-402 

54  

00 

00 

00 

•182 

359 

59 

59-818 

55  

23 

15 

36-05 

+ 

■441 

-  23 

15 

36-491 

56  

71 

59 

30-91 

•341 

71 

59 

30-569 

56G 

111 

55 

45  03 

+ 

•082 

111 

55 

45-112 

57  

108 

48 

32-73 

+ 

•012 

108 

48 

32-742 

58  

149 

35 

10-95 

•292 

149 

35 

10-658 

58My 

194 

30 

18-26 

+ 

•280 

194 

30 

18 • 540 

Probable  Error  of  an  Adjusted  Direction 

Of  the  68  directions  in  this  net  34  have  positive  corrections  and  34  have 
negative  corrections.  The  mean  of  the  positive  corrections  is  0.270''  and  the 
mean  of  the  negative  corrections  is  also  0.270''.  The  maximum  correction 
—  0.768"  to  an  observed  direction  occurs  for  the  line  North  Crosby  to  Lavant. 
The  correction  to  each  angle  is  the  algebraic  difference  of  the  correction  to  two 
directions.  The  maximum  correction  +1.501"  to  any  angle  is  to  the  angle  at 
Crosby  between  Lavant  and  North  Elmsley. 

The  probable  error  of  an  adjusted  direction 

=  0.6745  Vir^?  — 

^No.  01  conditions 

=  0.6745  ^-^^  =  0.355" 


Tabulation  of  Triangles 

In  the  following  table  are  shown  for  every  triangle  in  this  net,  the  adjusted 
spherical  angles,  the  observed  angles,  the  spherical  excess  and  the  triangular 
closure.  The  plus  sign  prefixed  to  the  triangular  closure  indicates  that  the 
sum  of  the  observed  angles  is  less  than  180° -f  E.  The  negative  sign  means 
that  the  sum  of  the  observed  angles  is  greater  than  180°  +  E. 

Of  the  21  triaijgular  closures  10  are  positive  and  11  are  negative.  The 
mean  of  the  positive  closures  is  0.653",  the  mean  of  the  negative  closures  i^ 
0.642",  and  the  average  closure  for  these  21  triangles  is  0.647".  The  maximum 
closing  error  —1.587"  occurs  for  the  triangle  King  Mountain-North  Mountain- 
Elmsley. 
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TABULATION  OF  TRIANGLES 


Station 


Symbol 


Angle 


Adjusted 


o 

/ 

// 

II 

—  ZO 

1 

-r 

OA 

ov 

lO 

QA 
OD 

9Qn 

OO 

Q9 

yz 

U 

DoU 

97 
—  Zi 

1 

-r 

9Q 

oi 

1  7 

ID 

«7A 
o<  O 

At\ 
10 

1  4 

1 

-r 

U 

7QA 

/  oo 

Bastard  

-  19 

+ 

20 

109 

28 

38 

297 

38 

64 

0 

343 

E 

= 

1 

463 

1 

70 

A 

ar 

closure 

_ 

0 

237 

—  oo 

1 

-r 

O  1 

OZ 

1  A 

91 
Zi 

499 

9n 
zu 

8Q 

oy 

1 

-r 

u 

OoZ 

OKI  A 

1 

-T 

9p; 

oy 

99 
ZZ 

HQ 

8'?7 
OO  / 

uy 

ft4 
D1 

1 

u 

1  Q7 

ly  / 

Crosby  

-  28 

+ 

29 

88 

23 

32 

109 

31 

95 

+ 

0 

159 

E 

— 

3 

368 

2 

48 

A 

ar 

closure 

+ 

0 

888 

1  OA 

■f-  J4 

1 

-r 

9Q 
ZO 

oo 

oo 

91 

lUo 

'  9rk 

Oi 

1 

fi 

u 

Ooo 

1 

49 

1 1 
1  i 

4:0 

OOo 

lO 

98 
Zo 

n 
u 

Al  9 

oiz 

Bastard  

-  18 

+ 

19 

72 

11 

54 

869 

54 

60 

+ 

0 

269 

E 

= 

1 

645 

1 

45 

A 

ar 

closure 

= 

+ 

0 

195 

QQ 
—  OO 

1 

D'± 

oo 

oy 

C\AA 

Oo 

07 

y  / 

1 

U 

(\1A 
U/ 1 

—  o\j 

1 

OO 

'^A 

04: 

■iO 

IQ 

oOU 

9n 
zu 

8*^ 
oO 

1 
i 

uuu 

Crosby  

-  29 

+ 

30 

70 

34 

43 

679 

43 

43 

+ 

0 

249 

E 

= 

2 

553 

3 

23 

A 

ar 

closure 

= 

— 

0 

677 

—  oZ 

1 

-r 

oo 

<  o 

OU 

Oo 

1  87 
lo< 

Oo 

Q9 

yz 

n 
u 

7QQ 
/  OO 

—  OU 

+ 

31 

^A 
O^ 

lO 

Oo 

lOo 

t>y 

^^8 

OO 

i 

997 
ZZ  / 

-  16 

+ 

17 

46 

53 

06 

619 

06 

05 

+ 

0 

569 

= 

2 

959 

4 

35 

A 

ar 

closure 



1 

391 

—  49 

+ 

50 

54 

06 

14 

521 

14 

87 

— 

0 

349 

Olden  

-  34 

H- 

35 

90 

40 

34 

440 

33 

69 

+ 

0 

750 

Portland  

-  40 

+ 

39 

35 

13 

13 

611 

13 

11 

+ 

0 

501 

E 

2 

572 

1 

67 

A 

ar 

closure 

+ 

.0 

902 

-  53 

+ 

49 

25 

14 

14 

851 

14 

35 

+ 

0 

501 

-  17  + 

17La 

18 

36 

18 

547 

19 

48 

0 

933 

—  oo 

+ 

32 

loo 

ACk 

9a 

Zo 

ozy 

98 

49 
1Z 

OQl 
uy  i 

Hi 

1 

1 

797 

9 

^o 

A 

ar 

L  iUHUl  C 

0 

r;9Q 

tJwO 

-  48 

+ 

44 

69 

06 

14 

986 

15 

27 

— 

0 

284 

-  50 

+ 

51 

67 

28 

24 

373 

24 

14 

+ 

0 

233 

—  '±1 

+ 

40 

10 

9f; 
ZO 

OA 

ooO 

94 

OO 

1 

u 

uoo 

3 

744 

3 

74 

A 

ar 

closure 

+ 

0 

004 

Griinsthorpe  

-  55 

+ 

56 

48 

43 

54 

078 

54 

86 

0 

782 

Kaladar  

-  51 

+ 

52 

101 

15 

54 

127 

54 

36 

0 

233 

Tyendinaga  

-  47 

48 

30 

00 

13 

740 

23 

67 

+ 

0 

070 

E 

1 

945 

2 

89 

A 

ar 

closure 

0 

945 

Hallowell  

-  43 

+ 

42 

52 

35 

59 

291 

59 

04 

+ 

0 

251 

Tyendinaga  

^    -  44 

+ 

45 

91 

01 

15 

648 

15 

46 

+ 

0 

188 

Portland  

-  41P 

+ 

41 

36 

22 

49 

080 

48 

95  . 

+ 

0 

130 

Observed 


Correction 


4019 


3-45 


A  ar  closure  =  +  0  •  509 
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TABULATION  OF  TRIANGLES— Cow^inwed 


Station 

Symbol 

Angle 

Adjusted 

Observed 

Correction 

Grimsthorpe  

Murray  

Tyendinaga  

Grimsthorpe  

Olden  

Elizabethtown  

North  Mountain  

Elmsley  

Bastard  

Elmsley  

Elizabethtown  

Bastard  

Elmsley  ^.  .  .  , 

Crosby  

Bastard  

Elmsley  

Lavant  

Crosby  

Ehnsley  

Crosby  

Lavant  

Bastard  

Murray  

Hallo  well  

Tyendinaga  

King  Mountain  

North  Mountain  

Elmsley  

King  Mountain  

Elmsley  

Layant  

-  56  +,56G 

-  57  +  58 
-46  +  47 

-  54  +  55 
-35  +  36 
-52  +  49 

-6+5 

-  4M  +  4 
-9+8 

-  22  +  18 
-8  +  59 
-7+6 

-14  +  15 
-21+22 
-59  +  11 

-26  +  27 
-20  +  22 
-59  +  12 

-14  +  16 
-31+26 
-12+11 

-  31  +  27 
-15  +  16 
-20  +  21 

-  58  +  58xMy 

-  43H  +  43 
-45  +  46 

-  2K  +  2 
-4+3 

-  10  +  9 

-2+1 
-11  +  10 
-13  +  14 

Of  n 

39  56  14-543 

40  46  37-916 
99  17  12-465 

E    =  4-924 

35  15  36-673 
19  34  57-405 
137  09  26-979 

// 

14-12 
38-22 
12-68 

5-02 

36-05 
58-25 
26-63 

+  0-423 

-  0-304 

-  0-215 

A  ar  closure  =  —  0  -  096 

+  0-623 

-  0-845 
+  0-349 

E    =  1-057 

62  10  51-378 

58  40  03-014 

59  09  09-928 

0-  93 

51-83 

1-  96 
9-17 

A  ar  closure  =  —  0-127 

-  0-452 
+  1-054 
+  0-758 

E    =  4-320 

91  08  12-625 

43  58  25-665 

44  53  24  092 

2-96 

12-50 
26-23 
23-11 

A  ar  closure  =  +  1-360 

+  0-125 
-  0-565 
+  0-982 

E    =  2-382 

29  30  05-265 
46  31  30-101 
103  58  28-097 

1-84 

5-15 
30-46 
27-93 

A  ar  closure  =  +  0  •  542 

+  0-115 
-  0-359 
+  0-169 

E    =  3-463 

50  07  48-682 
87  11  14-209 
42  40  59-247 

3-54 

50-10 
14-26 
58-81 

A  ar  closure  =  —  0  -  077 

-  1-418 

-  0  051 
+  0-437 

E    =  2-138 

53  22  24-721 
65  20  10-501 
61  17  28-850 

3-17 

25-37 
9-00 
29  12 

A  ar  closure  =  —  1-032 

-  0-649 
+  1-501 

-  0-270 

E    =  4-072 

115  27  59-183 
23  52  19-456 
40  39  44-108 

3-17 

59-10 
20-22 
43-80 

A  ar  closure  =  +  0  -  582 

+  0-083 
-  0-764 
+  0-308 

E    =  2-747 

44  55  07-882 
64  29  52-576 
70  32  03-161 

3  12 

07-31 
52-37 
02-92 

A  ar  closure  =  —  0  ■  373 

+  0-572 
+  0-206 
+  0-241 

E    =  3-619 

46  00  57-033 
77  04  46-736 
56  54  22-143 

2-60 

6-  695 

7-  824 
2-980 

A  ar  closure  =  +  1-019 

+  0-338 

-  1-088 

-  0-837 

E    =  5-912 

34  23  42-250 
95  59  34-167 
49  36  50-634 

7-499 

42-974 
33-690 
49-920 

A  ar  closure  =  —  1  •  587 

-  0-724 
+  0-477 
+  0-714 

E    =  7051 

6-584 

A  ar  closure  =  +  0  -  467 

57105—11 


162 


Geodetic  Survey  of  Canada 


O  — C  Test  (Observed-Computed) 

A  test  of  the  accuracy  of  the  adjustment  is  obtained  by  substituting  the 
v^s  in  the  condition  equations.  The  sum  of  the  y's  in  one  condition  if  accurately 
determined  should  equal  the  absolute  term  for  that  condition. 

The  results  of  this  test  are  given  below.  The  largest  discrepancy  occurs 
for  condition  No.  1.  Here  the  sum  of  the  y's  falls  short  of  the  absolute  term 
by  0.000678". 

CONDITION  EQUATIONS  "0-C" 


Condition  No. 

Absolute  Term 

Observed  "0" 

Computed  "C" 

0-C 

1  

8-60 

8-600678 

- -000678 

2  

14-70 

14-699746 

+000254 

3  

10-80 

10-800294 

-  -000294 

4  

-5-90 

-  5-900273 

+000273 

5  

12-90 

12-900052 

-000052 

6  

7-50 

7-499776 

+000224 

7  

4-30 

4-300163 

-  -000163 

8  

-0-45 

-  0-449993 

+000007 

9  

0-956 

0-956024 

-•000024 

10  

0-660 

0-659971 

+000029 

11....  

-0-523 

-  0-523025 

+  - 000025 

12  

0-127 

0- 127184 

-000184 

13  

-1-587 

-  1 -.586999 

-000001 

14  

0-467 

0-467000 

+  - 000000 

15  

1-360 

1-359993 

+  - 000007 

16  

0-542 

0-541971 

+000029 

17  

0-196 

0-196029 

- -000029 

18  

-0-237 

-0-236960 

-000040 

19  

0-888 

0-887951 

+000049 

20  

-0-677 

-0-677010 

+000010 

21  

-1-392 

-1-391993 

-  -000007 

22  

0-903 

0-903022 

-000022 

23  

0-003 

0-003003 

-000003 

24  

0-570 

0-569979 

+000021 

25  

-0-096 

-0- 095985 

-000015 

26  

-0-945 

-0-945200 

+000200 

27  

1-019 

1-019029 

-000029 

Evaluation  of  Length  of  sides 

In  computing  the  lengths  of  sides,  one-third  of  the  spherical  excess  was 
subtracted  from  each  of  the  spherical  angles,  and  plane  triangle  formulae  were 
used  in  computing  the  lengths. 

As  a  check  the  distances  were  computed  through  different  triangles.  The 
largest  difference  is  3  in  the  7th  place  of  logs  or  3  /4000000,  as  was  to  be  expected 
from  the  agreement  shown  by  the  O  — C  test. 

Geographic  Co-ordinates 

Since  the  geographic  co-ordinates  were  based  on  the  Canadian  Datum  no 
geographical  co-ordinates  are  published,  as  the  final  co-ordinates  on  the  North 
American  Datum  will  be  found  on  page  165. 

The  method  used  in  computing  the  geographic  positions  is  given  on  page  11. 
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ACCURACY  AS  SHOWN  BY  THE  SIDE  EQUATIONS 

Average  Correction 
Side  equations  that  must  ensue 

No. 

1   015 

2.....   0-25 

3   0-22 

4   013 

5   0-27 

6  -r   017 

7   0-11 


Accuracy  of  the  Adjustment 


The  accuracy  maintained  in  the  adjustment  is  indicated  by  the  O  — C  test, 
see  page  162  which  shows  the  maximum  discrepancy  between  the  observed 
absolute  term  and  the  sum  of  the  z^'s  for  condition  No.  1  to  be  0.000678".  This 
discrepancy  0.000678'^  divided  by  12,  which  is  the  number  of  f's  for  condition 
No.  1,  gives  the  maximum  average  error  of  a  y  to  be  0.000057".  Another  test 
of  the  accuracy  of  the  adjustment  is  obtained  by  comparing  the  log  distances 
as  computed  through  different  triangles.  From  the  table  of  Comparison  of 
Computed  Lengths,  shown  on  page  143,  it  will  be  seen  that  the  greatest  difference 
is  3  in  the  7th  place  of  logs,  which  is  equivalent  to  3  /4342945  or  3  /4000000 
approximately. 


Accuracy  of  the  Field  Work 


The  accuracy  obtained  in  the  field  is  shown  by  the  closures  of  the  triangles. 
The  average  closing  error  for  the  twenty-one  triangles  is  0.647".  The  largest 
closing  error  —  1 . 587"  occurs  in  the  triangle  King  Mountain-North  Mountain- 
Elmsley.  (See  page  160  for  tabulation  of  triangles.)  The  largest  average  cor- 
rection to  a  direction  as  shown  by  the  side  equation  is  0.27"  (See  page  152). 

The  accuracy  is  further  indicated  by  the  ?;'s  tabulated  on  page  158,  which 
snows  the  largest  correction  to  be  0.768"  for  the  direction  Crosby  to  Lavant. 
The  deduced  probable  error  of  a  direction  is  0.355". 

This  0.768"  is  well  within  the  limit  of  three  times  the  probable  error  where 
the  probable  error  is  0.355"  (See  page  572  of  Jordan  I.) 
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IX 


>1N 

1 


a 


GEOGRAPHIC  POSITIONS 


N 


Altitude 
above 
Mean 
Sea 
Level 


Latitude 

and 
Longitude 


Metres 
opposite 
Second 
of 
Arc 


Distance 

in 
Metres 
and  Log. 
Distance 


Latitude 

and 
Longitude 


Station  2 


44  37  53 
78  00  02 


44  23  29 
77  55  23 


44  07  22- 

77  39  55' 


44  06  39- 
78  04  30- 


44  08  26 
77  33  10 


44  10  41  • 

77  23  34. 


44  02  48- 
77  25  44- 


44  01  59- 
77  06  19' 


020 


79  37  41-04 
138  35  09-19 
166  59  10-95 


4-6691716 
4-7477359 
4-4374120 


260  02  07-51 
318  54  37-12 
347  02  26-22 


48  37  48-27 
116  24  29-27 
145  18  16-09 


4-7244449 
4-5367713 
4-5592805 


228  58  56-23 
296  40  40  08 
325  29  03-71 


16  38  21-51 
35  17  39-08 
57  24  59-21 
74  10  55-00 
77  43  09-15 
102  20  06-78 
113  59  37-68 


4-8300437 
4-2484621 
4-6432700 
4-3549444 

3-  9649011 

4-  6623619 
4-3165465 


196  48  37-01 
215  23  00-74 
237  44  25-95 
254  22  18-15 
257  47  51-49 
282  43  29-38 
294  09  29-46 


21  13  17-27 
69  39  56-39 
87  32  42-40 


4-5242369 
4-6609817 
4-5161576 


201  19  38-86 
250  02  25-89 
267  49  49  07 


5  40  39-86 
71  50  07-30 
108  15  07-13 
136  23  39-13 


4-0990234 
4-1287078 
4-5771313 
4-1574019 


185  41  18-92 
251  56  48-08 
288  33  47-84 
316  28  48-87 


124  52  06-58 
191  14  00-19 


4-4487609 
4-1724948 


305  04  07-27 
11  12  29-58 


29  36  06-93 
93  13  41-58 


4-5667263 
4-4149377 


209  45  40-03 
273  27  11-90 


44  42  20 
77  25  16 
44  15  11 
77  32  14 
44  23  29 
77  55  23 

44  42  20 
77  25  16 
44  15  11 
77  32  14 
44  07  22 
77  39  55 

44  42  20 
77  25  16 
44  15  11 
77  32  14 
44  20  06 
77  12  02 
44  10  41 
77  23  34 
44  08  26 
77  33  10 
44  01  59 
77  06  19 
44  02  48 
77  25  44 

44  23  29 
77  55  23 
44  15  11 
77  32  14 
44  07  22 
77  39  55 

44  15  11 
77  32  14 
44  10  41 
77  23  34 
44  01  59 
77  06  19 
44  02  48 
77  25  44 

44  01  59 
77  06  19 
44  02  48 
77  25  44 

44  20  06 
77  12  02 
44  01  59 
77  06  19 


39  49  21-19 


4-7634328 


220  08  52-73 


Grimsthorpe 
Oak  Hill 
Asphodel 

Grimsthorpe 
Oak  Hill 
Murray 

Grimsthorpe 
Oak  Hill 
Tyendinaga 

East  Base 
(Belleville) 

West  Base 
(Belleville) 

Hallowell 

Ameliasburg 

Asphodel 
Oak  Hil) 
Murray 

Oak  Hill 

East  Base 

(Belleville) 
Hallowell 

Ameliasburg 

Hallowell 
Ameliasburg 

Tyendinaga 
Hallowell 


44  25  59-499 

76  38  19-819  Portland 
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N 


a, 
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GEOGRAPHIC  POSITIONS— Confirmed 


OlZ 


Altitude 

Metres 

Distance 

above 

Latitude 

opposite 

in 

Latitude 

Station  1 

Mean 

and 

Second 

Metres 

0:2 

and 

Station  2 

Sea 

Longitude 

oi 

and  Log. 

Longitude 

I>evel 

Arc 

Distance 

o 

44  15  11045 

o 

0  / 

44  42  20-626 

Oak  Hill  

77  32  14  005 

10  21  56-36 

4-7087708 

190  26  49-23 

77  25  16-018 

Grimsthorpe 

44  38  29-314 

•JC                Kyi  OA 

4-  iZoSMiO 

01  R   4(\    1  CiR 

iJio  49  lo-yo 

77  no  (CO  0/4n 
/  /  U8  0<5- J40 

Kaladar 

44  20  06-699 

71  06  49-26 

4-4527405 

251  20  55- 16 

77  12  02-713 

Tyendinaga 

44  01  59-672 

125  06  10-40 

4-6265245 

305  24  13-22 

77  06  19-239 

Hallowell 

44  10  41-527 

125  45  54-51 

4  1527726 

305  51  56-64 

77  23  34-722 

East  Base 

AA    no   AQ  7KQ 

44  ui  48- 100 

(hJelleviile; 

159  17  00-67 

4-3889600 

339  21  31-70 

77  25  44-895 

Ameliaaburg 

44  42  20-626 

44  44  29-086 

Grimsthorpe 

77  25  16018 

84  52  51-25 

4-6654688 

265  17  25-87 

76  50  20-470 

Olden 

44  38  29-314 

108  08  28-35 

4-3582253 

288  20  00-02 

77  08  52-240 

Kaladar 

AA    OA   HA  AOO 

44  uo-oyy 

156  52  22-53 

4-6507611 

337  01  38-77 

77  12  02-713 

Tyendinaga 

44  20  06-699 

44  38  29-314 

77  12  02-713 

7  01  51-91 

4-5352123 

187  04  05-38 

77  08  52-240 

Kaladar 

AA    OE:    CO  AC\fl 

44  40  oy-4yy 

76  08  06-81 

4-6635456 

256  31  41-76 

76  38  19-819 

Portland 

44  01  59-672 

167  09  22-48 

4-5366565 

347  13  21-88 

77  06  19-230 

Hallowell 

44  38  29-314 

45  02  44-551 

Kaladar  

77  08  52-240 

39  55  11-38 

4-7687603 

220  15  25-47 

76  40  10-560 

Lavant 

44  44  29-086 

65  29  26-45 

4-4294626 

245  42  28-35 

76  50  20-470 

Olden 

44  25  59-499 

119  35  41-07 

4-6684678 

299  57  06-29, 

76  38  19-819 

Portland 

44  44  29  086 

45  02  44-551 

Olden  

76  50  20-470 

21  31  56-31 

4-5607199 

201  39  06-77 

76  40  10-560 

Lavant 

44  41  15-556 

100  22  54-48 

4-5146181 

280  40  02-31 

76  25  59-606 

Crosby 

44  25  59-499 

155  01  53-73 

4-5770263 

335  10  19-62 

76  38  19-819 

Portland 

44  25  59-499 

44  41  15-556 

Portland 

76  38  19-819 

29  56  39-26 

4-5139614 

210  05  18-64 

76  25  59-606 

Crosby 

44  29  39-773 

82  11  00-64 

4-7114869 

262  37  57-01 

75  59  52-239 

Lansdowne 

45  02  44-551 

45  29  21-427 

Lavant 

76  40  10-560 

51  46  44-22 

4-9041063 

232  21  05-18 

75  51  49-475 

King  Mtn. 

44  57  48  047 

101  23  35-01 

4-6584475 

281  47  35-65 

76  06  13-347 

Elmsley 

44  41  07-515 

130  53  40-47 

4-7846610 

311  18  15-31 

76  05  19-930 

Bastard 

44  41  15-556 

154  45  59-96 

4-6430286 

334  56  00-28 

76  25  59-606 

Croaby 

44  41  15-556 

44  57  48-047 

Crosby  

76  25  59-606 

40  16  10-61 

4-6044601 

220  30  06-87 

76  06  13-347 

Elmsley 

44  41  07-515 

90  23  59-65 

4-4361754 

270  38  31-43 

76  05  19-930 

Bastard 

44  29  39-773 

121  41  46-44 

4-6095990 

302  00  06-67 

75  59  52-239 

Lansdowne 

44  41  07-515 

44  41  22-973 

Bastard  

76  05  19-930 

88  57  57-68 

4-4829789 

269  14  08-61 

75  42  19-279 

Elizabethtown 

44  29  39-773 

161  09  52-80 

4-3507457 

341  13  42-84 

75  59  52-239 

Lansdowne 

44  41  22-973 

45  04  10-924 

Elizabethtowr 

75  42  19-279 

i6  18  23-76 

4-6435477 

196  25  02-34 

75  32  54-421 

North  Mtn. 

A  N 
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a 


N 
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Station  1 


Altitude 
above 
Mean 
Sea 
Level 


Elmsley . 


Lanadowne .... 
King  Mountain 


Ottawa . 


Hull 


Masham . 


Alleyn . 


Blake. 
Hincks. 


Wakefield. 


Buckingham . 


I^atitude 

and 
Longitude 


]Metres 
opposite 
Second 
of 
Arc 


44  57  48  047 
76  06  13-347 


44  29  39-773 
75  59  52-239 


45  29  21-427 
75  51  49-475 


45  23  37  076 
75  42  52-985 


45  30  24-232 
75  50  11-921 


45  44  24-543 
76  02  17-869 


45  57  47-750 
76  11  08-370 


46  08  54  034 
75  49  43-371 


45  56  12- 
75  51  04- 


45  42  38-835 
75  49  53-382 


45  37  48-336 
75  25  19-954 


17  47  09-53 
74  41  31-52 
133  50  41-74 
177  49  07-53 


46  50  03-81 


65  25  35-36 
88  28  00-62 
99  07  15-71 
113  46  58-57 
132  18  13-32 
151  56  25-38 


40  54  40-43 
79  22  07-26 


1  00  46-64 
66  53  08-51 
142  45  52-18 

33  32  46-68 
101  23  08-21 
148  42  12-63 


53  11  43-12 
96  21  29-14 
135  26  09-22 
155  10  16-09 


184  15  38-83 


135  27  19-73 
176-29  09-15 


105  33  36  09 
165  27  14-35 


116  24  31-44 
174  27  55-85 


Distance 

in 
Metres 
and  Log. 
Distance 


4-7882643 
4-6564493 
4-6413294 
4-4900G30 


4-5022841 


4-5781779 
4-8003744 
4-5695586 
4-8620458 
4-1980721 
4-7225283 


4-5419556 
4-4052067 


4-3557001 
4-5457822 
4-1980799 

4-4190092 
4-2155463 
4-4819810 


4-5370848 
4-4164881 
4-5944082 
4-4363618 


4-3725530 


4-6785326 
4-4008054 


4-5202250 
4-5612160 


197  57  22-79 
255  05  05-39 
314  07  32-71 
357  49  45-19 


227  02  23-05 


245  44  30-31 
269  02  34-42 
279  27  17-47 
294  23  10-609 
312  24  35-61 
332  09  51-89 


221  07  11-66 
259  35  45-97 


181  00  59-89 
247  10  53-91 
322  51  04-98 

213  40  49-60 
281  32  01-27 
328  50  51-51 


233  27  08-20 
276  35  54-26 
315  41  23-85 
335  16  36-75 


4  14  40-31 


315  45  46-86 
356  30  00-30 


285  51  10-08 
345  32  14-47 


4-5045204  296  40  12-72 
4-3372808  354  29  04-69 


Latitude 

and 
Longitude 


45  29  21-427 
75  51  49-475 
45  04  10-924 
75  32  54-421 
44  41  22-973 

75  42  19-279 
44  41  07-515 

76  05  19-930 

44  41  22-973 
75  42  19-279 


45  37 
75  25 
45  30 
75  03 
45  26 
75  23 
45  13 
75  00 
45  23 
75  42 
45  04 
75  32 


48-336 
19-954 
05-877 
21-742 
07-389 
43-488 
19-268 
56-661 
37-076 
52-985 
10-924 
54-421 


45  37  48-336 
75  25  19-954 
45  26  07-389 
75  23  43-488 

45  42  38-835 
75  49  53-382 
45  37  48-336 
75  25  19-954 
45  23  37-076 
75  42  52-985 

45  56  12-406 
75  51  04-695 
45  42  38-835 
75  49  53-382 

45  30  24-232 
75  50  11-921 

46  08  54-034 
75  49  43-371 
45  56  12-406 
75  51  04-695 
45  42  38-835 

75  49  53-382 
45  44  24-543 

76  02  17-869 

45  56  12-406 
75  51  04-695 

45  37  48-336 
75  25  19-954 
45  42  38-835 
75  49  53-382 

45  37  48-336 
75  25  19-954 
45  23  37-076 
75  42  52-985 


45  30  05-877 
75  03  21-742 
45  26  07-389 
75  23  43-488 


Station  2 


King  Mtn. 
North  Mtn. 
Elizabethtown 
Bastard 

Elizabethtown 

Buckingham 

Plantagenet 

Navan 

Roxboro 

Ottawa 

North  Mtn. 

Buckingham 
Navan 

Wakefield 

Buckingham 

Ottawa 

Hincks. 

Wakefield 

Hull 

Blake 
Hincks 
Wakefield 
Masham 

Hincks 

Buckingham 
Wakefield 

Buckingham 
Ottawa 

Plantagenet 
Navan 
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N 


Altitude 

Metres 

Distance 

above 

Latitude 

opposite 

in 

Latitude 

Station  1 

Mean 

and 

Second 

Oil 

Metres 

and 

Station  2 

Sea 

Longitude 

of 

and  Log. 

Longitude 

Level 

Arc 

Distanqe 

45  26  07-389 

0        /  1 

45  30  05-877 

Navan  

75  23  43-488 

74  22  27-57 

4-4400062 

254  36  58-51 

75  03  21-742 

Plantagenet 

45  17  43-591 

108  38  20-30 

4-6825774 

289  03  10-25 

74  48  49-702 

Maxville 

45  13  19-268 

128  24  29  01 

4-5804259 

308-40  41-04 

75  00  56-661 

Roxboro 

45  04  10-924 

196  31  21-02 

4-6271523 

16  24  49-74 

75  32  54-421 

North  Mtn. 

45  30  05-877 

45  30  34-132 

Pl'antagenet 

75  03  21-742 

88  13  12-10 

4-4837329 

268  29  52-56 

74  39  59-207 

Vankleek 

45  17  43-591 

140  17  58-80 

4-4734418 

320  28  19-71 

74  48  49-702 

Maxville 

45  13  19-268 

174  11  01-63 

4-4946515 

354  12  44-86 

75  00  56-661 

Roxboro 

45  13  19-268 

45  17  43-591 

Roxboro.  

75  00  56-661 

62  41  18-58 

4-2510911 

242  49  54-93 

74  48  49-702 

Maxville 

45  07  33-156 

126  53  55-68 

4-2496728 

307  01  36-84 

74  50  06-446 

Bonville 

45  04  10-924 

248  11  19-82 

4-6550176 

67  48  40-30 

75  32  54-421 

North  Mtn. 

45  07  33-156 

45  17  43-591 

Bonville  

74  50  06-446 

5  04  15-44 

4-2768962 

185  05  09-91 

74  48  49-702 

Maxville 

45  16  22-149 

45  05  19-14 

4-3647495 

225  14  1306 

74  37  33-989 

Alexandria 

45  05  33-933 

94  23  52-43 

4-6613861 

274  48  33-68 

74  15  15-627 

Huntingdon 

45  17  43-591 

45  30  34-132 

Maxville  

74  48  49-702 

25  49  17-87 

4-4222345 

205  55  35-62 

74  39  59-207 

Vankleek 

45  27  03-091 

66  38  37-43 

4-6424038 

247  00  37-24 

74  17  55-255 

Rigaud 

45  16  22-149 

99  37  18-63 

4-1743386 

279  45  18-79 

74  37  33-989 

Alexandria 

45  05  33-933 

116  55  46  96 

4-6937139 

297  19  35  95 

74  15  15-627 

Huntingdon 

45  16  22-149 

45  27  03-091 

Alexandria 

74  37  33-989 

52  14  27  05 

4-5105247 

232  28  25-79 

74  17  55-255 

Rigaud 

45  22  05-910 

56  24  05  01 

4-2836262 

236  32  47-95 

74  25  18-556 

Newton 

45  05  33-933 

124  16  21-28 

4-5491921 

304  32  10-66 

74  15  15-627 

Huntingdon 

45  30  34-132 

45  27  03-091 

Vankleek  

74  39  59-207 

102  38  07-91 

4-4695800 

282  53  51-90 

74  17  55-255 

Rigaud 

45  22  05-910 

129  15  17-11 

4-3935661 

309  25  44-57 

74  25  18-556 

Newton 

45  16  22-149 

173  08  13-78 

4-4231032 

353  09  57  16 

74  37  33-989 

Alexandria 

45  22  05-910 

45  27  03-091 

Newton  

74  25  18-556 

46  22  23-84 

4-1241116 

226  27  39-53 

74  17  55-2551  Rigaud 

45  17  25-288 

116  38  26-52 

4-2848413 

296  47  48  58 

74  12  08-224  East  Base 

45  13  32-270 

156  16  07-86 

4-2384771 

336  19  54-91 

74  19  59-108  West  Base 

45  05  33-933 

156  41  49-62 

4-5228131 

336  48  57-67 

74  15  15-627 

Huntingdon 

45  17  25-288 

45  30  31-591 

East  Base 

^74  12  08-224 

62  54  53-53 

4-7300814 

243  21  02-14 

73  35  25-200 

Royal 

(Coteau) 

45  01  05-025 

Covey  Hill 

133  18  42-32 

4-6434262 

313  35  58-98 

73  47  46-114 

N 
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Station  1 


Altitude 
above 
Mean 
Sea 
Level 


Latitude 

and 
Longitude 


Metres 
opposite 
Second 
of 
Arc 


Distance 

in 
Metres 
and  Log. 
Distance 


Latitude 

and 
Longitude 


Station  2 


West  Base 

(Coteau) 


Huntingdon. 


Rigaud . 


Kilkenny . 


Royal. 


Covey  Hill. 


Bellevue . 


St.  Armand. 


Yamaska. 


Dusable. 


Pakenham. 


45  13  32-270 
74  19  59- 108 


45  05  33-933 
74  15  15-627 


45  27  03-091 
74  17  55-255 


45  58  15-430 
73  48  02-766 


45  30  31-591 
73  35  25-200 


45  01  05-025 
73  47  46-114 


44  46  56-348 
73  03  56-928 


45  02  47-117 
72  44  22-842 


45  26  45-626 
72  52  10-542 


46  12  37-374 
73  12  01-712 


45  19  40-178 
76  21  48-508 


6  08  11-96 
54  56  13-66 
118  26  40-67 
157  13  24-10 


4-4009892 
4-0981731 
4-6824602 
4-2044489 


186  09  40-05 
235  01  4812 
298  49  30-41 
337  16  45-11 


10  32  02-82 
48  10  04-36 
102  47  23-99 


4-3490414 
4-8428753 
4-5686233 


190  34  15-77 
228  38  23-52 
283  06  51-51 


33  40  21-42 
83  07  05-86 
140  27  15-03 
157  01  12-34 
174  59  14-42 


4-8426335 
4-7463009 
4-7939003 
4-2871397 
4-6015131 


214  01  44-54 
263  37  24-07 
320  48  39-52 
337  05  19-31 
355.01  07-83 


128  29  13-70 
162  14  27-62 


4-9688063 
4-7317219 


309  09  13-26 
342  23  30-17 


21  04  45-21 
96  47  58-21 
127  17  12-81 
152  44  52-02 


4-9224820 
4-7542387 
4-9254948 
4-9574273 


201  21  32-43 
277  18  48-14 
307  53  28-73 
333  07  10-65 


16  25  33-96 
56  30  06  02 
87  27  30-45 
114  10  01-422 


4-7549431 
4-9391488 
4-9207161 
4-8017852 


196  34  20-27 
237  09  34-21 
268  12  21-320 
294  40  57-31 


41  09  05-16 


4-5915841 


221  22  54-12 


347  06  37- 


4-6586273 


167  01  05-85 


343  16  51-56 


4-9482328 


163  02  37-16 


240  23  36 -J 


4-7284571 


59  57  39-97 


65  10  57-65 
85  38  29-22 
126  50  53  06 


4-6338848 
4-4335751 
4-5129145 


245  32  18-80 
265  53  13-27 


307  05  00-44 


45  27  03-091 
74  17  55-255 
45  17  25-288 
74  12  08-224 
45  01  05  025 

73  47  46-114 
45  05  33-933 

74  15  15-627 

45  17  25- 
74  12  08-224 
45  30  31-591 
73  35  25-200 
45  01  05-025 
73  47  46-114 


45  58 
73  48 
45  30 
73  35 
45  01 

73  47 
45  17 

74  12 
45  05 
74  15 


15-430 
02-766 
31-591 
25-200 
05-025 
46-114 
25-288 
08-224 
33-933 
15-627 


45  26  45-626 

72  52  10-542 
45  30  31-591 

73  35  25-200 


46  12 
73  12 
45  26 
72  52 
54  02 

72  44 

44  46 

73  03 

45  30 
73  35 
45  26 
72  52 
45  02 

72  44 
44  46 

73  03 


37-374 
01-712 
45-626 
10-542 
47-117 
22-842 
56-348 
56-928 

31-591 
25-200 
45-626 
10-542 
47-117 
22-842 
56-348 
56-928 


45  02  47-117 
72  44  22-842 


45  26  45-626 
72  52  10-542 


46  12  37-374 
73  12  01-712 


45  58  15-430 
73  48  02-766 


45  29  21-427 

75  51  49-475 
45  20  45-106 

76  01  05-561 
45  09  05-602 
76  01  55-118lA6hton 


Rigaud 

East  Base 

(Coteau) 
Covey  Hill 

Huntingdon 


East  Base 

(Coteau) 

Royal 
Covey  Hill 

Kilkenny 

Royal 

Covey  Hill 

East  Base 

(Coteau) 
Huntingdon 

Yamaska 
Royal 

Dusable 
Yamaska 
St.  Armand 
Bellevue 

Royal 
Yamaska 
St.  Armand 
Bellevue 

St.  Armand 
Yamaska 
Dusable 
Kilkenny 


King  Mountain 
Carp 
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AH 


Station  1 

Altitude 
above 
Mean 
Sea 
Level 

Latitude 

and 
Longitude 

Metres 
opposite 
Second 
of 
Arc 

Distance 

in 
Metres 
and  Log. 
Distance 

a2 

Latitude 
and 

Longitude 

Station  2 

o         ,  , 

45  08  56-676 

o        ,  . 

o 

45  19  29-141 

North  Gower 

75  42  49-624 

13  30  52-16 

4-3028206 

193  33  25-17 

75  39  14-130 

Bowes  ville 

45  08  56-307 

89  54  37-92 

4-4069330 

270  08  26-20 

75  23  21-289 

Ormond 

45  04  10-924 

124  04  36-33 

4-1964511 

304  11  38-00 

75  32  54-421 

North  Mtn. 

44  53  32-463 

158  26  18-27 

4-4866610 

338  32  21-56 

75  34  16-039 

Groveton 

44  41  22-973 

44  53  32-463 

Elizabethtown 

75  42  19-279 

25  12  26-85 

4-3961652 

205  18  07-30 

75  34  16-039 

Groveton 

45  29  21-427 

45  19  29-141 

King  Mountain 

75  51  49-475 

137  59  24-55 

4-3905790 

318  08  22-44 

75  39  14-130 

Bowesville 

45  04  10-924 

45  08  56-307 

North 

75  32  54-421 

54  49  50-55 

4  1851576 

234  56  36-59 

75  23  21-289 

Ormond 

Mountain. . 

44  57  33-699 

120  12  44-26 

4-3856009 

300  24  01-89 

75  16  56-350 

Dundela 

45  20  45-106 

45  29  21-427 

Carp  

76  01  05-561 

37  07  35-55 

4-3011758 

217  14  11-62 

75  51  49-475 

King  Mountain 

45  23  37-076 

77  18  16-86 

4-3867005 

257  31  14-39 

75  42  52-985 

Ottawa 

45  19  29-141 

94  33  55-31 

4-4571514 

274  49  2804 

75  39  14-130 

Bowesville 

45  09  05-602 

45  29  21-427 

Ashton  

76  01  55-118 

19  18  13-15 

4-5997161 

199  25  23-80 

75  51  49-475 

King  Mountain 

45  19  29-141 

56  54  17-15 

4-5487589 

237  10  23-51 

75  39  14-130 

Bowesville 

45  08  56-676 

90  31  05-16 

4-4069330 

270  44  37-27 

75  42  49-624 

North  Gower 

45  01  14-740 

149  15  16-19 

4-2280386 

329  19  55-73 

75  55  20-376 

Montague 

45  02  44-551 

257  02  07-54 

4-7122252 

?6  35  01-62 

76  40  10-560 

Lavant 

45  08  56-307 

45  13  19-268 

Ormond  

75  23  21-289 

74  24  34-88 

4-4836915 

254  40  28-76 

75  00  56-661 

Roxboro 

45  01  51-644 

116  37  55-773 

4-4642874 

296  51  58-11 

75  03  31-915 

Osnabruck 

45  19  29-141 

45  26  07-389 

Bowesville 

75  39  14-130 

58  38  31-64 

4-3745385 

238  49  34-06 

75  23  43-488 

Navan 

45  08  56-307 

133  08  02-86 

4-4552094 

313  19  19-41 

75  23  21-289 

Ormond 

45  04  10-924 

163  39  51-66 

4-4703050 

343  44  21-07 

7o  32  54-421 

North  Mtn. 

45  26  07-389 

45  08  56-307 

Navan  

75  23  43-488 

179  07  37-72 

4-5028982 

359  07  53-50 

75  23  21-289 

Ormond 

44  53  32-463 

45  04  10-924 

Groveton  

75  34  16-039 

5  10  34-80 

4-2964455 

185  11  32-49 

75  32  54-421 

North  Mtn. 

45  08  56-307 

26  37  22-56 

4-5040515 

206  45  05  71 

75  23  21-289 

Ormond 

44  57  33-699 

71  48  40-36 

4-3799653 

252  00  54-58 

75  16  56-350 

Dundela 

44  57  33-699 

45  OS  56-307 

Dundela  

75  16  56-350 

338  14  58-73 

4-3558966 

158  10  26-28 

75  23  21-289 

Ormond 

45  01  51-644 

45  13  19-268 

Osnabruck 

75  03  31-915 

9  03  57-89 

4-3323713 

189  05  47-91 

75  00  56-661 

Roxboro 

45  07  33-156 

59  01  27-71 

4-3124136 

239  10  58-04 

74  50  06-446 

Bon  ville 
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Altitude 

Metres 

Distance 

above 

Latitude 

opposite 

in 

IvRtitude 

Station  1 

Mean 

and 

Second 

Metres 

and 

Station  2 

Sea 

Longitude 

of 

and  Log. 

Longitude 

Ijcvel 

Arc 

Distance 

45  01  14-740 

n        /  » 

45  19  29-141 

Montague  

75  55  20-376 

31  53  26-82 

4-6002342 

212  04  52-11 

75  39  14-130 

Bowes  vi  lie 

45  08  56-676 

48  57  06-26 

4-3374003 

229  05  57-91 

75  42  49-624 

North  Gower 

45  04  10-924 

79  24  23-88 

4-4764621 

259  43  16-36 

75  32  54-421 

North  Mtn. 

44  53  32-463 

117  07  15-66 

4-493V558 

297  22  09-01 

75  34  16-039 

Groveton 

44  41  22-973 

154  55  41-56 

4-6084194 

335  04  52-48 

75  42  19-279 

Elizabethtown 

44  57  48-047 

246  01  25-07 

4-1948550 

65  53  43-41 

76  06  13-347 

Elmsley 

44  07  22-720 

44  13  56-090 

Murray  

77  39  5^-489 

33  33  06-933 

4-1636005 

213  37  19-879 

77  33  52-522 

Sidney 

43  53  57-044 

128  36  23-102 

4-5991812 

308  52  29-806 

77  16  44-156 

West  Point 

44  00  48-821 

129  04  13-662 

4-2847099 

309  12  00-609 

77  28  44-121 

Ameliasburg 

43  53  58-719 

(S) 

158  16  15-673 

4-4265931 

338  21  23-467 

77  32  32-493 

Scotch  Bonnet 

43  59  52-930 

183  40  28-413 

4-1433615 

3  40  00-586 

77  40  35-503 

Presqu'ile 

43  53  58-719 

43  53  57-044 

Scotch  Bonnet. 

77  32  32-493 

90  02  55-028 

4-3256144 

270  13  52-607 

77  16  44-156 

West  Point 

43  50  19-861 

102  07  25-695 

4-5026326 

282  23  30-615 

77  09  20-145 

Point  Petre 

43  59  52-930 

315  28  23-066 

4-1860188 

135  22  47-843 

77  40  35-503 

Presqu'ile 

44  13  56-090 

44  20  06-699 

Sidney  

77  33  52-522 

68  22  31-144 

4-4943609 

248  37  45-732 

77  12  02-713 

Tyendinaga 

44  00  48-821 

164  12  41-137 

4-4022259 

344  16  15-850 

77  28  44-121 

Ameliasburg 

43  53  58-719 

(&) 

177  13  59-088 

4-5681926 

357  14  54-752 

77  32  32-493 

Scotch  Bonnet 

43  53  57  044 

43  50  19-861 

West  Point 

77  16  44- 156 

124  01  10-430 

4  0780096 

304  06  18-133 

77  09  20-145 

Point  Petre 

44  01  59-672 

43  50  19-861 

Hallowell 

77  06  19-230 

190  35  58-408 

4-3418806 

10  33  52-879 

77  09  20-145 

Point  Petre 

43  53  58-719 

247  12  41-633 

4-5807452 

66  54  29-412 

77  32  32-493 

Scotch  Bonnet 

44  00  48-821 

265  57  15-039 

4-4775883 

85  41  40-402 

77  28  44-121 

Ameliasburg 

44  13  56-090 

(S) 

301  11  32-723 

4-6323794 

120  52  21-494 

77  33  52-522 

Sidney 

44  00  48-821 

43  53  58-719 

Ameliasburg  (S 

)  

77  28  44-121 

201  56  10-402 

4-1349f51 

21  53  31-893 

77  32  32-493 

Scotch  Bonnet 

43  59  52-930 

263  51  23-872 

4-2025360 

83  43  09-651 

77  40  35-503 

Presqu'ile 
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DESCRIPTIONS 

Methuen. — This  station  lies  on  top  of  a  bare  rocky  hill  near  the  west  side  of 
Methuen  township,  Peterboro  county,  province  of  Ontario. 

It  may  be  reached  from  Peterboro  by  boat  to  the  east  end  of  Stoney  lake 
or  by  driving  from  Norwood,  on  the  Canadian  Pacific  railway,  to  the  east  end 
of  Stoney  lake.  From  there  a  drive  of  about  four  miles  on  the  road  which  follows 
up  the  east  side  of  Jack  creek  brings  one  to  the  summit  of  a  ridge,  and  a  Uttle 
farther  on  a  side  road  leads  in  to  the  east  (right)  about  a  mile  to  an  old  zinc  mine. 
The  station  lies  up  the  hill  about  100  yards  from  the  mine. 

The  geodetic  point  is  marked  by  a  f-inch  copper  bolt  leaded  into  the  rock 
and  stamped  with  the  Geodetic  Survey  die.  It  is  referenced  by  two  similar 
bolts  placed  in  the  rock,  one  to  the  southwest  and  the  other  to  the  north  of  the 
point  as  follows: — 

Distance  Azimuth 

No.  1  36-5  feet      247°  26' 

No.  2  35-45  feet     357  33 

Asphodel. — This  station  is  situated  on  the  top  of  a  bare  hill  in  a  cultivated 
field  in  Asphodel  township,  Peterboro  county,  province  of  Ontario,  on  lot  16, 
concession  XII. 

The  station  is  marked  by  an  underground  and  a  surface  mark  consisting 
of  a  j^-inch  copper  wire  set  in  the  top  of  a  drain  tile  which  has  been  filled  and 
surrounded  with  cement  and  rock.  The  tops  of  the  underground  and  surface 
marks  are  one  and  a  half  feet  and  four  and  a  half  feet,  respectively,  below  the 
surface  of  the  ground. 

The  southeast  corner  of  lot  16  lies  2614-9  feet  distant  from  the  point  at  an 
azimuth  of  105°  53'  40'',  while  a  post,  said  to  be  the  township  and  county  corner 
lies  45  feet  from  the  above  lot  corner,  at  a  distance  from  the  geodetic  station  of 
2639-1  feet  at  an  azimuth  of  106°  44'  22". 

A  concrete  reference  monument  lies  on  the  east  side  of  the  road  to  the  west 
of  the  station,  1163.70  feet  distant  at  an  azimuth  of  246°  35'  05". 

The  point  may  be  reached  from  Havelock  or  Norwood  on  the  Canadian 
Pacific  railway  by  a  drive  of  4  or  5  miles. 

The  distances  from  the  station  mark  to  the  tripod  head  and  lampstand 
were  72 . 9  feet  and  78  •  7  feet,  respectively. 

Haldimand,  1908-10-12. — This  station  is  situated  on  lot  22,  concession 
VII,  of  the  township  of  Haldimand,  countj^  of  Northumberland,  and  province 
of  Ontario.  The  property  is  owned  b}^  Dr.  T.  C.  Lapp,  of  Cobourg,  Ont.  The 
post  office  for  the  station  is  Centreton. 

The  geodetic  point  is  marked  by  an  underground  mark  consisting  of  the 
point  of  a  3/16-inch  copper  wire  cemented  into  a  6-inch  2-foot  tile,  which  is  set 
in  and  filled  with  cement.  Above  this  is  a  near-surface  mark  of  the  same  con- 
struction, the  upper  point  of  which  is  18  inches  below  the  surface  of  the  ground. 

The  northeast  corner  of  the  lot  is  at  an  azimuth  of  7°  51'  56"  and  distant 
1635.76  feet.  A  concrete  monument  is  at  an  azimuth  of  100°  26'  34"  distant 
73.66  feet  from  the  geodetic  point. 

The  height  of  the  lamp  stand  and  the  tripod  above  the  near-surface  mark 
are  67 . 8  feet  and  62 . 2  feet,  respectively. 

Murray,  1910-11-12. — This  station  is  situated  on  lot  16,  concession  3,  of 
Murray  township,  Northumberland  county,  province  of  Ontario,  about  8  miles 
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northwest  of  Trenton.  The  property  is  owned  by  David  Murray.  The  mail 
address  is  Hilton,  R.R.  1. 

The  geodetic  point  is  marked  in  the  usual  way,  the  sub-surface  mark  being 
5  feet  and  the  near-surface  mark  being  2-4  feet  below  the  surface  of  the  ground. 
The  point  is  referenced  thus:— 

Azimuth  Distance 

S.E.  corner  of  lot  151°    28'       1682  0  feet 

Monument  346°    32'      2310-7  feet 

Observations  were  made  from  a  70-foot  tower,  of  which  the  lamp  stand 
and  tripod  cap  are  79-6  feet  and  73-8  feet,  respectively,  above  the  near-surface 
mark. 

West  Base  {Belleville),  1912. — This  station  is  situated  on  the  line  between 
lots  5  and  6  in  concession  II  of  the  township  of  Sidney,  Hastings  county,  Ontario. 

This  station,  the  west  end  of  the  Belleville  base  Hne,  is  marked  by  a  copper 
bolt  placed  in  a  large  block  of  concrete,  7  feet  below  the  surface,  and  is  connected 
as  follows: — - 

A  concrete  reference  monument  is  distant  632-30  feet,  at  an  azimuth  of 
160°  45'  37". 

The  distance  from  the  geodetic  station  to  the  southwesterly  angle  of  the  lots 
is  2454-56  feet,  and  the  distance  from  the  station  to  the  outside  rail  of  the  north 
track  of  the  Grand  Trunk  railway  main  line  is  2110-04  feet. 

The  concrete  monument  above  mentioned  is  situated  alongside  the  fence 
on  the  north  side  of  a  forced  road,  and  close  to  the  line  on  which  stands  the 
West  Base  point. 

Observations  were  made  from  a  60-foot  tower  in  1912. 

The  height  of  the  lamp  stand  above  the  tripod  head  and  the  su]:)-surface 
mark  is  5-75  feet  and  70-0  feet,  respectively. 

East  Base  {Belleville) ,  1912. — This  station  is  situated  at  the  easterly  end  of 
the  Belleville  base  hne.  It  is  situated  on  the  property  of  S.  H.  Turner,  on  lot  22 
of  a  subdivision  of  part  of  lot  3  in  concession  II  of  the  township  of  Thurlow, 
Hastings  county,  Ontario.    The  post  office  and  station  is  Belleville. 

The  geodetic  point  is  marked  by  a  miUimeter  hole  in  the  top  of  a  copper 
bolt  f-inch  in  diameter,  cemented  into  the  top  of  a  cement  slab  3  feet  square 
and  2  feet  thick,  placed  7  feet  below  the  surface  of  the  ground. 

The  east  edge  of  a  reference  monument  1  foot  square  and  1  foot  high  is 
placed  on  the  line  between  lots  20  and  21,  at  the  centre  of  which  is  a  copper  bolt 
containing  a  millimeter  hole,  distant  74-91  feet  from  the  geodetic  point,  at  an 
azimuth  of  71°  56'  48"  exactly  in  the  prolongation  of  the  base  line.  The  mark 
in  this  reference  monument  is  42-90  feet  north  of  the  north  hmit  of  Donald 
street. 

The  southeast  corner  of  the  township  lot  is  distant  716-45  feet  in  a  direction 
62°  40'  19"  clockwise  from  a  line  parallel  to- Donald  street  looking  east.  (The 
position  of  the  township  lot  is  computed  partly  from  subdivision  data.) 

Observations  were  made  from  a  40-foot  tower. 

Ameliashurg,  1912  {Primary). — This  station  is  situated  on  lot  83,  concession 
IV  of  the  township  of  Amehasburg,  Prince  Edward  county,  Ontario.  The 
owner  is  Mrs.  I.  M.  Whitnej^,  Amehasburg. 

The  station  is  marked  in  the  usual  way  by  an  underground  and  a  surface- 
mark.    Connections  are  as  follows: — 

Azimuth  to  reference  monument  is  62°  51'  31",  and  the  distance  is 
385-80  feet. 

Azimuth  to  the  northeasterlv  corner  of  lot  83  is  30°  09',  and  the  distance 
is  436-64  feet. 

The  concrete  monument  above  mentioned  is  situated  along  the  road  fence 
on  the  east  side  of  the  lot,  and  236-61  feet  from  the  northeasterlv  corner  of  the 
lot. 


174 


Geodetic  Survey  of  Canada 


The  heights  of  the  lamp  stand  and  tripod  head  above  the  near-surface 
mark  are  67-47  feet  and  61-6  feet,  respectively. 
Observations  were  made  from  a  60-foot  tower. 

Oak  Hill,  1912. — This  station  is  situated  on  the  highest  part  of  lot  20, 
concession  7,  township  of  Sidney,  county  of  Hastings,  province  of  Ontario. 
The  property  is  owned  by  B.  and  A.  Hatfield. 
The  station  and  post  office  is  StirUng. 

The  geodetic  point  is  marked  by  a  ^-inch  copper  wire  cemented  in  the 
top  of  a  4-inch  by  2-foot  tile.  The  top  of  the  mark  is  44  inches  below  the  surface 
of  the  ground.  A  similar  mark  is  placed  directly  over  this,  the  top  being  14 
inches  below  the  surface  of  the  ground. 

The  azimuth  to  the  reference  monument  is  335°  51'  54''  and  the  distance  is 
3075 . 8  feet.    Distance  to  west  limit  of  lot  is  280  feet. 

The  reference  monument  is  situated  in  the  northwest  angle  of  the  lot. 

Height  of  lamp  stand  above  the  surface  of  the  ground  is  85-5  feet,  and 
height  of  the  tripod  is  80  feet. 

Observations  were  made  from  this  station  in  1912. 

Grimsthorpe,  1910. — This  station  is  situated  on  the  highest  point  on  mount 
Maria,  supposed  to  be  on  lot  23,  concession  II  of  Grimsthorpe,  Hastings  county, 
Ontario.  It  is  about  10  miles  east  of  the  village  of  Bannockburn  on  the  Central 
Ontario  railway. 

The  geodetic  point  is  marked  in  the  usual  way  of  marking  rock  stations, 
and  is  referenced  by  three  witness  bolts  of  the  same  kind  which  are  placed  as 
follows: — 

Azimuth  Distance 

o      o  // 

Bolt  No.  1  226  02  00  54-61  feet 

Bolt  No.  2  331  35  40  32  -92  feet 

Bolt  No.  3   75  17  00  38-47  feet 

Tyendinaga,  1908-10. — This  station  is  situated  on  the  property  of  John 
Hunt,  lot  23,  concession  VIII,  of  Tyendinaga  township,  Hastings  county, 
Ontario.  The  post  office  is  Read  and  the  station  Marysville  on  the  main  fine 
of  the  Grand  Trunk  railwa}^ 

The  geodetic  point  is  marked  by  the  point  of  a  -/^-inch  copper  wire  set  in 
concrete  in  a  cleft  of  a  rock  about  2  feet  below  the  surface  of  the  ground. 

Two  reference  bolts  of  |-inch  copper  leaded  into  the  rock  at  the  southeast 
corner  of  lot  23  are  at  the  following  azimuths  and  distances  from  the  geodetic 
point : — 

Azimuth  Distance 

o         /  // 

No.  1                                                   26  47  08  198 -66  feet 

8.E.  corner  of  lot  156  43  00  2379-30  feet 

No.  2  164  21  00  456-98  feet 

The  lamp  stand  is  5.9  and  70.5  feet  above  the  top  of  the  tripod  and  the 
geodetic  point,  respectively. 

In  1910  this  tower  was  rebuilt  to  a  height  of  21  feet. 

Hallowell,  1908-11. — This  station  is  situated  on  lot  14  in  the  1st  concession 
of  Hallowell,  Prince  Edward  county,  Ontario.  The  property  is  owned  by  John 
O'Neil,  who  lives  on  the  property.    The  post  office  is  Picton. 

The  geodetic  point  is  marked  by  the  sharpened  end  of  a  copper 
wire  cemented  into  a  hole  drilled  in  shaley  rock  3  feet  below  the  surface  of  the 
ground.  A  large  flat  rock  is  placed  over  this  and  a  4-inch  hy  18-inch  cement  tile 
filled  with  concrete  is  placed  above,  in  the  top  of  which  is  a  yVir^<^h  copper 
bolt  f  inch  of  which  is  protruding.  The  top  of  the  bolt  is  9  inches  below  the 
surface  of  the  ground. 
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The  southwest  corner  of  the  lot  is  distant  2240-37  feet  at  an  azimuth  of 
134°  46',  and  a  concrete  monument  near  the  west'Hmit  of  the  lot  is  distant 
517-62  feet,  at  an  azimuth  of  61°  58'  48". 

The  height  of  the  lamp  stand  above  the  tripod  head  and  the  near-surface 
mark  is  5-5  feet  and  87-2  feet,  respectively. 

Portland,  1908-10. — This  station  is  situated  on  the  property  of  Frederick 
Triscott  on  lot  3,  concession  VII,  of  the  township  of  Portland,  Frontenac  county, 
Ontario.    The  post  office  and  railway  station  is  Harrowsmith. 

The  geodetic  point  is  marked  by  a  cross  on  a  f-inch  copper  bolt  leaded  into 
the  solid  rock  4  inches  below  the  surface  of  the  ground  and  protruding  three- 
quarters  of  an  inch  above  the  level  of  the  rock. 

A  reference  bolt  with  a  cross  upon  it  is  leaded  into  the  rock  10  inches  below 
the  surface  of  the  rock,  which  is  indicated  by  a  cross  on  a  rock  at  the  surface 
above  it,  and  is  at  azimuth  12°  44'  00"  at  a  distance  of  387-62  feet.  The  south- 
east corner  of  the  lot  is  at  azimuth  126°  27'  30"  at  a  distance  of  918-06  feet. 

Observations  were  made  from  a  60-foot  tower. 

Kaladar,  1908-10. — This  station  is  situated  about  3  miles  west  of  a  railway 
station  of  the  same  name  on  the  Toronto  and  Montreal  line  of  the  Canadian 
Pacific  railway.  It  is  situated  on  concession  VI,  of  the  township  of  Kaladar, 
counties  of  Lennox  and  Addington,  province  of  Ontario. 

The  geodetic  point  is  marked  by  a  cross  on  the  top  of  a  f-inch  copper  bolt 
leaded  into  the  rock.  Two  reference  bolts  leaded  into  the  rock  and  having 
arrows  cut  into  the  rock  pointing  to  the  geodetic  point  are  placed  at  the  following 
azimuths  and  distances: — 

Azimuth  Distance 

o  /  // 

Bolt  No.  1  '  190  08  30     82-47  feet 

Bolt  No.  2   60  29  10     94-30  feet 

The  height  of  the  lamp  stand  above  the  tripod  head  and  geodetic  point  is 
5-6  feet  and  47-8  feet,  respectively. 

Olden,  1910. — This  station  is  situated  on  the  west  half  of  lot  14,  concession 
III,  of  the  township  of  Olden,  Frontenac  county,  Ontario.  The  property  pre- 
sumably belongs  to  the  Canadian  Pacific  railway,  and  is  about  one-half  mile 
northeasterly  from  Mountain  Grove  station. 

The  geodetic  point  is  marked  by  a  cross  in  the  centre  of  the  top  of  a  flat 
16-inch  square  pillar,  which  is  placed  1283  feet  northerly  from  a  forced  road, 
and  westerly  from  the  fine  between  the  east  and  west  halves  of  the  above  lot 
about  80  feet. 

Lavant,  1908-10. — This  station  is  situated  on  Lavant  mountain,  on  the  east 
half  of  lot  5,  concession  X,  of  Lavant  township,  Renfrew  county,  Ontario,  about 
2  miles  east  of  Lavant  station  on  the  Kingston  and  Pembroke  railway.  The 
property  is  owned  by  R.  B.  Robertson. 

The  geodetic  point  is  marked  by  a  f-inch  copper  bolt  leaded  into  the  rock. 
Two  reference  bolts,  also  of  copper,  are  leaded  into  the  rock  in  the  following 
positions : — 

Azimuth  Distance 

O  /  ft 

Bolt  No.  1  198  17  06     90-75  feet 

Bolt  No.  2   43  41  50     42-21  feet 

The  lamp  stand  is  33-8  and  6-0  feet  above  the  geodetic  point  and  tripod 
top,  respectively. 

Crosby,  1908-10. — This  station  is  situated  on  lot  15,  concession  VII,  of  the 
township  of  North  Crosby,  Leeds  county,  Ontario.  The  property  is  owned  by 
Melville  Porter,  Westport. 

The  geodetic  point  is  marked  by  the  sharp  end  of  a  yVi^^ch  copper  wire 
set  in  concrete  in  a  crevice  of  the  rock  24  inches  below  the  surface  of  the  ground. 
The  northwesterly  corner  of  the  lot  is  distant  981-882  feet  at  an  azimuth  of 
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284°  57'  25".  A  concrete  reference  monument  is  distant  797-214  feet  at  an 
azimuth  of  333°  37'  29". 

The  heights  of  the  lamp  stand  and  top  of  the  tripod  head  above  the  geodetic 
point  are  104-3  feet  and  98-2  feet,  respectively. 

Bastard,  1910. — This  station  is  placed  on  part  of  lot  10,  concession  VI  of 
the  township  of  Bastard,  Leeds  county,  Ontario.  The  property  is  owned  by 
Wm.  Wier,  Chantry,  Ont. 

The  geodetic  point  is  marked  in  the  usual  wa,y,  the  near-surface  mark  being 
IJ  feet  below  the  surface  of  the  ground. 

Connection  was  made  to  a  reference  monument  and  to  the  southwesterly 
corner  of  above  lot,  as  follows:— 

Azimuth  Distance 

O  III 

Monument  164  57  40     484-5  feet 

S.W.  corner  of  lot  165  06  26     491-0  feet 

The  tripod  head  and  lamp  stand  are  83-0  feet  and  88-8  feet,  respectively, 
above  the  near-surface  mark. 

Lansdowne,  1909-10. — This  station  is  situated  on  Blue  mountain  on  lot  24, 
concession  VI,  of  the  township  of  Lansdowne,  Leeds  county,  Ontario.  The  land 
is  owned  by  Harvey  Osten.    The  post  office  for  the  station  is  Warburton. 

The  geodetic  point  is  a  mark  on  a  |-inch  copper  bolt  leaded  into  the  rock. 
Over  it  is  a  concrete  pier  4  feet  high,  with  another  marked  bolt  at  its  surface. 

The  following  marks  are  located  with  reference  to  the  geodetic  point: — 

Azimuth  Distance 

o  /  // 

1-inch  copper  bolt  181  02  47  116-85  feet 

f-inch  copper  bolt   23  42  21  158-93  feet 

Head  of  screw  in  pine  tree   21  46  24  112-79  feet 

N.E.  corner  of  lot   36  44  45  331  06  feet 

Lansdowne  station  on  the  Grand  Trunk  railway  lies  about  7  miles  to  the 
south. 

Elizahethtown,  1908-10. — This  station  is  situated  on  the  property  of  John 
Vout,  on  what  was  originally  called  the  Commons  between  the  townships  of 
Elizahethtown  and  Augusta,  and  Ues  in  concession  V,  of  the  township  of  Eliza- 
hethtown, Leeds  county,  Ontario.    The  post  office  is  Algonquin. 

Brockville,  on  the  main  line  of  the  Grand  Trunk  railway,  lies  about  8  miles 
to  the  south. 

The  geodetic  point  is  marked  by  the  sharpened  end  of  a  yVinch  copper 
wire  concreted  into  the  top  of  a  24-inch  tile.    Above  this,  and  separated  b}^  6 
inches  of  sand,  is  a  near-surface  mark  of  a  similar  construction,  12  inches  below" 
the  surface  of  the  ground. 

The  northwest  corner  of  lot  37,  concession  V  of  Augusta  is  distant  900.90 
feet  at  an  azimuth  of  359°  36'  45"  and  a  concrete  reference  monument  near  the 
west  Hmit  of  the  lot  is  distant  399-30  feet  at  an  azimuth  of  280°  18'  22". 

The  heights  of  the  lamp  stand  and  tripod  top  above  the  near  surface  mark 
are  89-2  feet  and  83-0  feet,  respectively. 

North  Elmsley,  1908. — This  station  is  situated  on  lot  1,  concession  X,  of  the 
township  of  North  Elmsley,  Lanark  county,  Ontario,  and  is  the  property  of 
Joseph  O.  Code,  Glen  View. 

The  geodetic  point  is  marked  in  the  usual  way  by  an  underground  and  a 
surface  mark,  the  near-surface  mark  being  1  •  5  feet  below  the  surface  of  the 
ground. 

The  azimuths  and  distances  to  the  lot  corner  and  reference  monument  are 
as  follows: — 

Azimuth  Distance 

SW.  corner  of  lot  140  58  45     2768  feet 

Concrete  mounment  near  the  line  between 

lots  1  and  2  and  concession  X  242  49  09     91-67  feet 
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Observations  were  made  from  a  tower  of  which  the  cap  of  the  tripod  is  96-8 
feet,  the  lower  lamp  stand  102-6  feet,  and  the  upp^ir  lamp  stand  112-2  feet, 
respectively,  above  the  geodetic  point. 

Ki7ig  Mountain,  1907-09-1 1 . — This  station  is  situated  on  the  highest  part 
of  a  mountain  of  the  same  name  which  is  one  of  the  highest  parts  of  the  range 
of  hills  about  9  miles  north  of  the  city  of  Ottawa.  It  is  located  in  the  township 
of  Hull,  county  of  Ottawa,  province  of  Quebec. 

This  is  an  eccentric  station  and  lies  about  211  feet  south  on  the  bare  front 
of  the  hill.    The  main  station  occupies  the  highest  point  on  the  hill. 

The  main  station  is  marked  by  a  coppar  bolt  set  in  the  rock,  around  which 
are  deep  arrows  cut  in  the  rock  pointing  to  the  centre  as  follows: — 

South  of  the  point  and  distant  6-80  feet 
Northwest  of  the  point  and  distant  4-42  feet 
Northeast  of  the  point  and  distnat  4  -  82  feet 

It  is  also  referenced  by  three  copper  bolts  set  in  the  rock  as  follows: — 

Azimuth  Distance 

o  /  // 

Bolt  No.  1  191  40  30  41-6  feet 

Bolt  No.  2  191  42  00  144-66  feet 

Bolt  No.  3   97  57  30  194  -67  feet 

The  eccentric  station  lies  distant  from  the  geodetic  station  210.89  feet  at 
an  azimuth  of  110°  33'  17".  It  is  marked  by  a  f-inch  copper  bolt  set  in  the  rock 
and  is  referenced  by  three  similar  bolts  as  follows:— 

Approximate 

azimuth  Distance 

150°    7-68  feet 

240    1-60  feet 

315    8-85  feet 

The  station  may  be  reached  from  Chelsea  on  the  Canadian  Pacific  railway 
by  a  drive  of  2  miles  to  Kingsmere  and  a  walk  of  IJ  miles  up  the  hill  from  the 
west  end  of  Kingsmere  lake. 

North  Mountain,  1907-10. — This  station  is  situated  on  the  east  half  of  lot  4, 
concession  X,  of  the  township  of  North  Mountain,  Dundas  county,  Ontario. 
The  property  is  owned  by  Laverty  Caughey  and  is  about  7  miles  northeast  of 
Kemptville  on  the  Ottawa-Prescott  branch'  of  the  Canadian  Pacific  railway 
The  post  office  is  North  Mountain. 

The  geodetic  position  is  marked  by  a  subsurface  and  a  near-surface  mark, 
each  of  which  consists  of  the  point  of  a  spike  cemented  into  a  4-inch  by  24-inch 
tile  filled  with  concrete.  A  6-inch  layer  of  sand  is  placed  between  the  two  marks, 
and  the  near  space  about  the  tile  is  filled  with  layers  of  concrete  and  stones. 
The  upper  mark  is  about  14  feet  below  the  surface  of  the  ground. 

A  concrete  reference  monument  placed  near  the  east  limit  of  the  west  half 
of  the  lot  is  distant  523-79  feet  at  an  azimuth  of  201°  47'  15". 

The  southwest  corner  of  the  east  half  of  lot  4,  concession  X  is  distant  1746 
feet  at  an  azimuth  of  162°  49'  31". 

Observations  were  made  from  a  70-foot  tower. 

Roxboro,  1907-08-09. — This  station  is  situated  on  the  property  of  Daniel 
Blair,  farmer,  who  lives  about  100  yards  west  of  the  tower  on  the  west  half  of 
lot  32,  concession  VI  of  the  township  of  Roxboro,  Stormont  county,  Ontario. 
The  post  office  and  station  is  Moose  Creek,  on  the  Grand  Trunk  railway. 

The  geodetic  position  is  indicated  by  a  subsurface  and  a  near-surface  mark 
of  the  usual  kind.  Each  mark  has  a  pointed  nail  cemented  into  a  4-inch  by  24- 
inch  tile;^  the  tiles  are  placed  vertically  and  are  separated  by  6  inches  of  sand, 
the  upper  one  being  10  inches  below  the  surface  of  the  ground. 

A  reference  monument  placed  on  the  easterly  side  of  the  west  half  of  the 
above  lot  is  2312  feet  southerly  from  the  north  hmit,  and  at  a  distance  of  121  -38 
feet  from  the  geodetic  point  at  an  azimuth  of  42°  44'.    The  intersection  of  the 
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north  limit  of  a  road  allowance  (probably  forced)  and  the  Hne  between  the  east 
and  west  halves  of  the  lot  is  distant  754-4  feet  at  an  azimuth  of  143°  47'  10". 

The  height  of  the  lamp  stand  above  the  top  of  the  tripod  and  the  near- 
surface  mark  is  6-1  feet  and  77-0  feet. 

Navan,  1907-08-09-11 . — This  station  is  situated  on  lot  10,  concession  VI,  of 
the  township  of  Cumberland,  Russell  county,  Ontario.  The  property  is  owned 
by  the  Canada  Permanent  Loan  Company,  and  the  post  office  is  Navan  on  the 
Canadian  Pacific  railway. 

The  geodetic  point  is  marked  by  a  crow's  foot  on  a  |-inch  copper  bolt, 
6  inches  long,  which  is  driven  into  the  rock  to  a  depth  of  5J  inches.  The  rock  is 
1  foot  below  the  surface. 

Connection  is  made  to  a  concrete  witness  monument  situated  at  an  azimuth 
of  245°  18'  42"  and  distant  from  the  geodetic  point  316-76  feet,  and  also  to  the 
.  southwesterly  angle  of  the  lot  which  lies  at  an  azimuth  of  198°  36'  25"  and  distant 
from  the  geodetic  point  614-2  feet.  , 

Observations  were  made  at  this  station  from  an  80-foot  tower  in  1908, 
1909,  and  1911. 

Buckingham,  1909-11. — This  station  is  on  Kermans  mountain  on  lot  10, 
concession  VIII,  of  the  township  of  Buckingham,  Ottawa  county,  Quebec. 

The  geodetic  point  is  marked  on  a  f-inch  copper  bolt  5  inches  long  leaded 
into  the  rock.  Reference  bolts  of  the  same  size,  leaded  flush  with  the  rock,  are 
placed  at  an  azimuth  of  177°  45'  and  distant  29-16  feet  and  at  an  azimuth  of 
131°  53'  26"  and  distant  85-76  feet,  respectively. 

Observations  were  made  from  a  low  tripod  in  1911. 

Plantogenet,  1907-09. — This  station  is  situated  on  lot  16,  concession  VI, 
Plantagenet  township,  Prescott  county,  Ontario.  The  property  is  owned  by 
Ben  Anderson,  and  the  post  office  is  Plantagenet. 

The  geodetic  point  is  marked  by  the  point  of  a  nail  cemented  into  a  tile  3 
feet  below  the  surface  of  the  ground.  A  similar  mark  is  placed  9  inches  below 
the  surface. 

Connection  is  made  to  a  concrete  witness  monument  on  the  west  side  of  the 
lot  in  the  northwesterly  corner  of  a  field  at  an  azimuth  of  283°  50'  and  distant 
133  •  92  feet  from  the  geodetic  point. 

The  distance  measured  along  the  lot  line  from  the  monument  to  the  north- 
erly limit  of  the  lot  is  589  feet. 

Maxville,  1907-10. — This  station  is  situated  on  lot  33,  concession  VI  of  the 
township  of  Kenyon,  Glengarry  county,  Ont.,  2,800  feet  southwesterly  from  the 
right  way  of  the  Grand  Trunk  railway  where  it  crosses  the  road  allowance 
between  concessions  V  and  VI  of  said  township,  measured  along  the  said  road 
allowance.    The  post  office  for  the  station  is  Maxville. 

The  geodetic  point  is  marked  by  the  point  of  a  6-inch  spike  which  is  placed 
head  down  in  a  concrete  slab,  3-2  feet  below  the  surface.  An  upper  mark  10 
inches  below  the  surface  similar  to  the  above,  but  in  a  tile,  is  also  placed. 

Connection  is  made  to  a  concrete  witness  monument  distant  320-21  feet  at 
an  azimuth  of  223°  00'  15". 

Observations  were  made  from  a  95-foot  tower. 

Bonville,  1908. — This  station  is  situated  on  the  east  half  of  lot  15,  concession 
VIII  of  the  township  of  Cornwall,  Stormont  county,  Ontario.  The  property  is 
owned  by  Arthur  Beaudette,  whose  post  office  address  is  Bonville. 

The  geodetic  point  is  marked  by  the  point  of  a  6-inch  spike  placed  head 
down  in  cement  in  a  4-inch  by  2-foot  tile  set  in  cement.  Immediately  above 
this  subsurface  mark  a  flat  stone  is  placed,  and  above  this,  a  near-surface  mark 
similar  in  construction  to  the  subsurface  mark  is  placed  18  inches  below  the 
surface  of  the  ground. 

The  southwesterly  corner  of  the  east  half  of  lot  15  is  distant  1080-4  feet  at 
an  azimuth  of  178°  20'  15".  A  reference  monument  is  placed  close  to  the  same 
lot. corner  at  a  distance  of  1070-8  feet  in  the  same  direction. 
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'  Observations  were  made  from  a  70-foot  tower  ifi  1908. 

Alexandria,  1907-08. — This  station  is  situated  on  lot  4,  concession  18  of  the 
township  of  Kenyon,  Glengary  county,  Ontario.  The  property  is  owned  by 
H.  Duggan,  and  the  post  office  is  Alexandria. 

The  geodetic  point  is  marked  by  the  point  of  a  nail  placed  in  a  heavy 
cement  base,  3  feet  below  the  surface.  A  surface  mark  of  the  usual  kind  is 
placed  in  a  tile. 

Connection  is  made  to  a  witness  monument  placed  at  an  azimuth  of  209° 
55'  44"  and  distant  from  the  geodetic  station  169-58  feet.  The  distance  to  the 
northerly  hmit  of  the  lot  is  3,800  feet. 

Observations  were  made  from  an  80-foot  tower. 

Vankleek,  1907-08-10. — This  station  is  situated  on  the  west  side  of  lot  10, 
concession  VI  of  the  township  of  West  Hawkesbury,  Prescott  county,  Ontario. 
The  property  is  owned  by  Charles  Carkner,  Vankleek  Hill. 

Connection  is  made  to  a  concrete  witness  monument  placed  at  an  azimuth 
of  298°  55'  09"  and  distant  64-63  feet. 

The  geodetic  point  is  marked  by  the  point  of  a  wire  nail  in  the  usual  way. 
The  subsurface  mark  is  42  inches  and  the  near-surface  mark  is  7  inches  below 
the  surface. 

Observations  were  made  from  an  80-foot  tower. 

Newton,  1908. — This  station  is  on  lot  173,  range  4,  township  of  Newton, 
Vaudreuil  county,  Quebec. 

The  land  on  which  the  station  is  placed  is  owned  by  Geremie  Richor. 

The  station  is  marked  by  copper  pins,  the  lower  mark  in  a  concrete  block  2 
feet  square,  below  the  surface,  and  the  upper  mark  in  the  centre  of  a  concrete 
filled  artificial  clay  sew^er  tile,  on  end  15  inches  below  the  surface. 

The  point  is  referenced  as  follows: — 

Azimuth  Distance 

Northeast  angle  lot  173   24°  51'  14"       2942  ft. 

A  tripod,  75-2  feet  high,  and  a  scaffold,  80-8  feet  above  the  lower  mark, 
were  erected  for  observing  purposes. 

The  geodetic  station  is  about  five  hundred  feet  west  of  the  main  road  from 
St.  Justine  station  on  the  Grand  Trunk  railway  to  the  village  of  St.  Justine,  and 
about  half  a  mile  from  the  railway. 

Huntingdon. — This  station  is  on  lot  77,  range  4,  township  of  Godmanchester, 
Huntingdon  county,  Quebec.  The  land  is  owned  by  Angus  Stark,  who  lives  a 
short  distance  east  of  the  station. 

The  station  is  marked  by  underground  and  surface  marks  consisting  of 
small  spikes  in  the  centres  of  concrete-filled  vitrified  clay  sewer  tiles  placed  on 
end;  the  lower  one  4-6  feet  and  the  upper  one  0-8  foot  below  the  surface  of  the 
ground. 

References  are  as  follows: — 

Reference  Azimuth  Distance 

Concrete  monument   248°  52'  10"     131-51  ft. 

Northwest  angle  of  lot  77   318    16    55     3166-80  " 

Azimuth  is  counted  from  north  through  east. 

A  tripod  71-5  feet  above  the  surface  mark  and  a  scaffold  for  the  observer 
having  a  lamp  table  5  •  8  feet  higher  were  erected  over  the  station. 

Huntingdon  may  be  reached  from  the  railway  station  of  that  name  on  the 
Grand  Trunk  and  St.  Lawrence  and  Adirondack  railways,  by  a  drive  of  about 
five  and  one-half  miles.  D.J.F. 

East  Base  (Coteau). — This  station  is  situated  on  the  right  of  way  of  the 
Grand  Trunk  railway  main  fine  Montreal-Toronto,  about  one  mile  east  of 
Coteau  Junction.  The  station  is  on  the  south  side  of  the  railway  track  about 
40  feet  from  the  track  on  first  curve  east  of  Coteau  Junction.  There  is  a  70-foot 
tower.  D.J.F. 
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West  Base  (Coteau)  .—This  station  is  situated  on  the  right  of  way  of  the 
Grand  Trunk  railway  main  line  Montreal-Toronto  about  one-quarter  mile  west 
of  River  Beaudette  station  on  a  gravel  knoll  on  north  side  of  track,  about  30 
feet  from  track. 

Rigaud,  1908. — This  station  is  situated  on  the  highest  point  on  Rigaud 
mountain,  on  lot  152,  concession  of  St.  George,  parish  of  Ste.  Madeleine  of  Rigaud, 
Seignory  of  Rigaud,  Vaudreuil  county,  Quebec,  and  owned  by  Noe  D'Amour. 

The  station  is  marked  by  a  brass  bolt  leaded  in  the  rock  3-5  feet  below  the 
surface  of  the  ground.  Above  the  geodetic  point  a  rough  stone  cairn  is  built  to 
mark  the  spot. 

The  heights  of  the  tripod  and  lamp  stand  were  44-28  feet  and  50  feet, 
respectively,  above  the  gedoetic  point. 

The  station  is  referenced  as  follows: — 

Azimuth  Distance 

South(3ast  angle  of  lot  152   265°  42'  235  -67  ft. 

Azimuth  is  measured  from  north  around  through  east,  and  is  given  to  the 
nearest  minute  of  arc. 

The  nearest  railway  station  is  Rigaud  on  the  Canadian  Pacific  railway, 
from  which  the  geodetic  station  is  reached  by  driving  southerly  three  miles  to 
the  St.  George  road,  thence  westerly  three-quarters  of  a  mile,  the  point  being 
then  on  the  right,  close  to  the  road. 

Kilkenny,  1909. — This  station  is  situated  on  lot  2,  concession  V,  Montcalm 
county,  Quebec. 

The  geodetic  point  is  marked  in  the  usual  rock-station  method,  and  is  2 
feet  below  the  surface  of  the  ground. 

The  point  is  referenced  by  three  f-inch  reference  bolts  leaded  into  outcropping 
rocks,  which  are  at  the  following  azimuths  and  distances  from  the  station: — 


Azimuth  Distance 

Reference  bolt                                                                         209°  25'  48"  40-76  ft. 

Reference  bolt  '                                      12    53    58  38-21  " 

Reference  bolt                                                                         150    51    28  41-31  " 

Lot  corner                                                                              151    58    29  1172  - 17  " 


Observations  were  made  from  a  40-foot  tower.  The  heights  of  the  lamp 
stand  and  tripod  head  above  the  geodetic  point  are  51-2  feet  and  45-1  feet, 
respectively.  The  height  of  the  instrument  above  the  tripod  head  is  1-53  feet 
and  the  height  of  the  centre  of  lamp  above  the  lamp  stand  is  0-6  feet. 

Covey  Hill,  D.  J.  F.,  1908,  1910,  H.  F.  J.  L.,  1917.— This  station  is  located 
on  a  hill  of  that  name  in  the  province  of  Quebec,  county  of  Huntingdon,  township 
of  Havelock,  on  lots  34C  and  35C  of  range  I  on  the  property  of  John  Waddell 
(P.O.  Franklin  Centre,  Que.). 

The  station  is  marked  by  an  iron  bolt  leaded  into  the  rock,  and  is  referenced 
by  two  copper  bolts  leaded  into  the  rock  along  the  south  fence  of  the  main  road, 
about  350  feet  north  of  the  station. 

These  reference  bolts  and  the  northeast  corner  of  lot  34C,  range  I,  are  located 
as  follows  with  reference  to  the  station: — 

Azimuth  Distance 

Bolt  No.  1   337°  27'  56"     338-5  ft. 

Bolt  No.  2   28    14    12       357  -93  " 

Northeast  corner  of  lot  34C   69    28    14       922  -9  " 

Bolt  No.  1  was  not  found  in  1917,  being  covered  with  rock  thrown  in  against 
the  fence. 

The  distance,  measured  along  the  road  fence  from  the  above-mentioned 
northeast  corner  of  the  the  lot  to  bolt  No.  2  is  694.98  feet,  and  from  Bolt  No.  2 
to  Bolt  No.  1  is  298-45  feet. 

St.  Armand. — This  station  is  on  the  top  of  a  mountain  called  The  Pin- 
nacle "  in  the  township  of  St.  Armand,  county  of  Missisquoi,  province  of  Que- 
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bee.  The  station  is  most  easily  reached  from  the  town  of  Richford  on  the  New- 
port and  Boston  branch  of  the  Canadian  Pacific  railway  by  a  drive  of  four  miles 
to  the  farm  of  F.  S.  Clark,  and  thence  by  way  of  a  path  leading  from  the  back  of 
his  farm  to  the  top  of  the  mountain. 

The  top  of  the  mountain  is  almost  bare  rock,  with  scattered  small  scrub. 
An  unobstructed  view  can  be  had  in  all  directions.  To  the  north  of  the  summit 
is  a  triangulation  station  used  by  the  Militia  Department  marked  by  a  copper 
bolt  with  a  cross  on  it.  The  summit  of  the  hill  is  a  flat  rock  which  was  selected 
as  the  best  location  for  the  station. 

The  point  is  marked  by  a  copper  bolt  leaded  in  the  rock — an  equilateral 
triangle  is  cut  around  it;  the  bolt  is  stamped  with  the  geodetic  die;  it  is  refer- 
enced by  three  arrows  cut  in  the  rock,  with  copper  bolts  at  their  points,  situated 
as  follows: — 

Azimuth  Distance 
86°  34'  24-3  ft. 


Station  of  Militia  Dept. 


170    30  49-6  " 

311    08  43-5  " 

345°  50'         133-23  ft. 


Three  concrete  foot  blocks  for  the  tripod  of  the  large  observing  instrument 
were  built,  also  a  lamp  stand  for  the  hghtman;  the  directions  of  the  principal 
points  were  marked  on  the  top  of  the  stand. 

Yamaska,  1909-10. — This  station  is  situated  on  Yamaska  mountain  in  the 
parish  of  St.  Paul  D'Abbotsford,  Rouville  county,  Quebec,  and  is  one  mile 
northeast  of  the  village  of  Abbotsford. 

The  point  is  marked  in  the  usual  method  for  rock  stations,  with  reference 
bolts  as  follows: — 

Azimuths  Distance 

Reference  bolt   5©°  32'  48"        4-21  ft. 

Reference  bolt   107    05    00        21-13  " 

Militia  Survey  bolt   263    10    46        46  09  " 

Reference  bolt   260    24    11         44-24  " 


Dusable,  1909-10.— This  station  is  situated  on  the  property  of  Charles 
Faford,  on  lot  88,  range  IV,  seigniory  of  Dusable,  county  of  Berthier,  province 
of  Queb^ec.  It  is  on  bare  rock  on  the  summit  of  a  low  rocky  knoll,  two  sides  of 
which  are  wooded  with  pine,  maple,  and  birch. 

The  station  is  reached  from  St.  Barthelemy  on  the  Canadian  Northern 
Quebec  railway;  thence  drive  one-half  mile  northwest  to  the  fourth  or  Belleton 
range,  then  one-half  mile  south-southwest  along  Belleton  range  several  hundred 
yards  past  a  cross  road  to  the  farm  of  Louis  Fadnois.  From  here  the  geodetic 
station  hes  one-quarter  of  a  mile  southeast,  and  Faford's  bush  road  may  be 
followed  to  it. 

The  geodetic  point  is  marked  by  a  copper  bolt  marked  in  the  usual  manner, 
fox-wedged  and  leaded  in  the  rock  and  surrounded  by  an  equilateral  triangle 
cut  in  the  rock,  referenced  as  follows: — 

Azimuth  Distance 

Copper  bolt   58°  54'  64-5  ft. 

  161    58  70-2  " 

  275    32  44-8  " 

Lines  are  cut  to  Yamaska  and  Mount  Royal,  the  other  lines  being  clear. 

Hull,  1913. — This  station  is  situated  on  the  timbered  top  of  the  same  range 
of  mountains  as  King  Mountain  station,  is  within  a  few  feet  of  the  edge  of  the 
Chelsea  mountain,  and  is  near  the  line  between  lots  17  and  18  in  range  IX  of 
the  township  of  Hull  in  the  county  of  Ottawa  and  close  to  the  north  easterly 
angle  of  the  south  half  of  lot  18. 
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The  station  is  marked  by  a  copper  bolt,  three-quarters  of  an  inch  in  diameter, 
in  soUd  rock,  with  reference  bolts  of  the  same  size  as  follows: — 

Azimuth  Distance 

Copper  bolt   269°  09'  39"       68-48  ft. 

  325    09    45        29-97  " 

Chelsea  is  the  nearest  station  on  the  Canadian  Pacific  railway,  thence  by 
main  road  via  Old  Chelsea  to  a  trail  which  starts  up  the  mountain  nearly  opposite 
Mr.  O'Neill's  house  on  the  west  side  of  the  most  southerly  of  two  large  elm  trees 
at  the  foot  of  the  mountain  near  a  very  large  boulder.  The  trail  from  this  point 
to  the  top  of  the  hill  is  blazed. 

Lot  18  is  owned  by  Ambrose  Richards,  Simmons  P.O.,  Que. 

Wakefield,  J.  H.  Moorhouse,  1913. — The  station  is  on  a  high,  rough,  rocky 
hill,  the  most  prominent  in  that  locality,  on  lot  15  range  VII  of  the  township  of 
Wakefield  in  the  county  of  Ottawa.  The  station  is  placed  on  the  summit  of  a 
sharply  defined  elevation  of  sohd  rock  and  is  marked  by  a  copper  bolt  three- 
quarters  of  an  inch  in  diameter,  referenced  as  follows  by  similar  bolts: — 

Azimuth  Distance 

Copper  bolt   294°  31'  35"       46-99  ft. 

  204    15    15        80-39  " 

Alcove  station  on  the  Canadian  Pacific  railway  is  the  nearest  railway  station  ; 
thence  6  miles  by  road  to  McLaren's  lumber  camps — now  abandoned — thence 
by  blazed  trail  to  the  top  of  the  hill  about  one  hour's  walk  in  a  northeasterly 
direction  from  the  lumber  camp.  The  position  of  the  lumber  camps  mentioned 
is  known  to  many  residents  of  Alcove. 

Masham,  J.  H.  Moorhouse,  1913. — This  station  is  on  the  top  of  a  high  hill 
northeast  of  Long  lake,  on  lot  27,  range  X,  Masham  township,  in  the  county  of 
Ottawa,  and  is  marked  by  a  copper  bolt,  three-quarters  of  an  inch  in  diameter, 
in  solid  rock.    Reference  bolts  of  the  same  size  have  been  placed  as  follows: — 

Azimuth  Distance 

Copper  bolt   187°  25'  25"       64-12  ft. 

  338    21    22        24-00  " 

The  point  is  near  the  southerly  escarpment  of  the  hill  near  small  pine  trees 
and  may  be  reached  from  North  Wakefield  station— now  called  Alcove — on  the 
Canadian  Pacific  railway,  by  a  drive  of  about  8  miles  to  the  foot  of  the  hill, 
thence  by  a  blazed  trail  up  the  hill  and  around  through  the  bush  on  the  north  side 
of  the  lake,  to  the  highest  point  northwest  of  the  lake.  Mr.  T.  A.  Cooper  of 
North  Wakefield  or  Mr.  S.  Brooks  of  Joynt  are  familiar  with  the  location  of 
this  station. 

Hincks,  J.  H.  M.,  1913. — -This  station  is  situated  on  lot  35,  range  IX,  of  the 
township  of  Hincks,  Ottawa  county,  Quebec.  It  is  on  the  highest  mountain  in 
the  township.  The  top  of  the  mountain  on  which  the  point  is  situated  is  of 
small  area  and  stands  above  all  surrounding  timber. 

The  mark  is  a  copper  bolt,  J-inch  in  diameter,  in  solid  rock,  surrounded  by 
a  triangle  cut  in  the  rock  with  8-inch  sides.  Similar  reference  bolts  have  been 
placed  as  follows:  — 

Azimuth  Distance 

Reference  bolt   217°  42'  15"       27-36  ft. 

Hole  in  rock  without  bolt   305    46    54        42-06  " 

Reference  bolt   57    41    25        43-53  " 

The  nearest  railway  station  is  Kazulxizua  on  the  Canadian  Pacific  railway; 
thence  follow  the  road  to  Ryanville  and  Big  Whitefish  lake  to  a  small  lake  on 
the  north  side  of  the  road,  about  three  miles  east  of  William  Newton's  residence. 
Small  vacant  buildings  stand  near  the  east  end  of  the  lake.  A  blazed  trail  starts 
at  the  south  side  of  the  road  opposite  that  end  of  the  lake,  and  ends  within  50 
feet  of  the  top  of  the  mountain. 
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Alleyn,  J.  H.  Moorhous^,  1913. — This  station  is  situated  in  hardwood  forest 
on  the  highest  part  of  the  hill  southeast  from  the  residence  of  Samuel  Morehead, 
on  lot  10,  range  V,  in  the  township  of  Alleyn,  county  of  Pontiac. 

The  station  is  marked  by  a  copper  bolt,  three-quarters  of  an  inch  in  diameter, 
in  soUd  rock,  with  similar  reference  bolt  as  follows: — 

Azimuth  Distance 

Reference  bolt   204°  47'  01"       35-40  ft. 

The  station  is  reached  from  Kazubazua  on  the  Canadian  Pacific  railway, 
via  Danford  lake  post  office  to  Mr.  Morehead's  residence  about  5  miles  from 
Danford  lake. 

Blake,  J.  H.  M.  1913. — This  station  is  on  the  highest  point  on  a  prominent 
round-topped  mountain  on  the  west  side  of  Thirty-one  Mile  lake,  about  six 
miles  from  the  south  end  of  the  lake,  in  the  township  of  Blake,  in  the  county  of 
Ottawa.  From  the  north  around  to  the  west,  clockwise,  the  horizon  is  unob- 
structed. 

The  geodetic  point  is  marked  by  a  bronze  bolt  with  circular  cap  on  which 
a  small  triangle  is  cut,  with  the  letters  ''G.S.C."  outside  of  the  triangle.  The 
Geodetic  Survey  stamp,  has  been  placed  in  the  cehtre  of  the  triangle.  Copper 
reference  bolts,  three-quarters  of  an  inch  in  diameter,  have  been  placed  in  the 
soUd  rock  as  follows:— 

Azimuth  Distance 

Reference  boh   334°  15'  59"       56-97  ft. 

"   47    00    35        34-58  " 

. :   156    50    10        28-98  " 

The  mountain  can  be  reached  from  Gracefield  on  the  Canadian  Pacific 
railway,  and  by  road  from  that  place  to  Point  Comfort  and  from  Point  Comfort 
to  the  foot  of  the  mountain  by  boat. 

Ottawa. — This  station  is  in  the  township  of  Nepean,  county  of  Carleton, 
province  of  Ontario. 

It  is  situated  on  the  concrete  roof  of  the  staircase  projection  just  north  of 
the  equatorial  dome  of  the  Dominion  Observatory. 

It  is  marked  by  a  copper  bolt  cemented  into  the  roof. 

Bellevue  (U.S.C.  and  G.S.  Primary  Station),  R.  C.  Cutts,  This  station 

is  on  the  summit  of  a  hill  about  2  miles  southeast  of  the  village  of  St.  Albans, 
Vermont,  on  the  site  of  an  old  observatory  on  the  highest  part  of  the  hill;  marked 
bv  the  usual  copper  bolt  and  arrow  heads. 

A.  T.  Mosman,  1897. 
Recovered  copper  bolt  marking  station  of  1881.    It  is  on  the  highest  rock 
on  the  summit>  of  Bellevue  hill.    The  ''usual  arrow  heads"  spoken  of  in  the 
above  1881  description  could  not  be  found. 

D.  J.  Eraser,  1910. 

The  above  United  States  point  was  found  and  used  by  observer  and  light- 
keeper.  ' 

Mount  Royal,  R.  D.  Cutis,  1881. — This  station  stands  on  the  highest  ground 
in  Mount  Royal  Park,  Montreal.  Its  position  is  close  to  the  Meteorological 
Observatory  of  McGill  College,  consisting  principally  of  a  large  post,  supported 
by  braces  and  of  sufficient  height  to  overlook  the  surrounding  trees.  To  this 
post,  the  meteorological  instruments  and  a  small  platform  for  the  observer  are 
attached. 

The  United  States  Coast  and  Geodetic  station  was  established  by  extending 
the  platform,  southwardly,  with  additional  supports,  so  as  to  afford  a  seat  to 
the  heUotroper,  and  a  firm  rest  for  the  heUotrope.  After  the  heliotrope  was  in 
position,  the  corresponding  point  on  the  ground  was  carefully  determined  and 
a  bolt  sunk  in  the  rock  which  was  reached  1 J  feet  below  the  surface  of  the  ground. 
The  bolt  projects  six  inches  above  the  rock. 
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The  station  point  is  5f  feet  south  of  the  centre  of  the  post,  and  one  foot 
from  the  fence  (appropriately  marked)  situated  farther  to  the  southward  and 
in  Hne  with  the  bolt  and  the  centre  of  the  post. 

A.  T.  Mosman,  1897;  bolt  recovered.  In  Mount  Royal  park,  IJ  miles 
north  of  Montreal. 

Pakenham,  1908. — This  station  is  situated  on  the  property  of  Allan  Cars- 
well,  on  lot  17,  concession  VIII,  of  the  township  of  Pakenham,  Renfrew  county, 
Ontario.  The  post  office  and  station  is  Pakenham  on  the  Canadian  Pacific 
railway,  about  5  miles  east. 

The  geodetic  point  is  marked  by  the  point  of  a  jVi^^ch  copper  wire  set 
in  concrete  in  a  hole  drilled  in  the  soUd  rock,  If  feet  below  the  surface  of  the 
ground. 

A  concrete  reference  monument  is  distant  215-325  feet  at  an  azimuth  of 
164°  12'  47'',  and  the  northwest  corner  of  lot  17,  concession  VIII  is  distant 
920.828  feet  at  an  azimuth  of  312°  21'  11". 

The  height  of  the  lamp  stand  and  top  of  tripod  above  the  geodetic  point 
are,  respectively,  79-3  and  73-0  feet. 

Carp,  ^^07.— This  station  is  situated  on  a  high  bare-topped  rock  on  the 
highest  part  of  lot  17,  concession  II,  of  Huntley  township.  Carleton  county, 
Ontario,  about  half  a  mile  east  from  the  village  of  Carp  on  the  Grand  Trunk 
railwa}^.  Parry  Sound-Ottawa. 

The  station  is  marked  by  a  copper  bolt  wedged  in  a  hole  in  the  rock.  The 
observations  were  made  from  a  70-foot  tower. 

Bowesville,  1907-08. — This  station  is  situated  on  the  front  of  lot  12,  conces- 
sion 3,  township  of  Gloucester,  county  of  Carleton,  province  of  Ontario.  The 
property  is  owned  by  E.  Jardine,  whose  house  is  one-quarter  of  a  mile  east  of 
the  station. 

The  geodetic  station  is  marked  by  the  point  of  a  4-inch  spike  protruding 
1  inch  above  concrete  in  which  it  is  set  in  a  tile.  It  is  placed  3J  feet  below 
the  surface.  Above  this  is  a  similar  mark  placed  9  inches  below  the  surface. 
The  northwesterly  angle  of  lot  is  distant  109-6  feet  at  an  azimuth  of  296°  22'. 

Observations  were  made  from  a  70-foot  tower.  The  lamp  stand  and  tripod 
head  are  78-2  and  71-6  feet,  respectively,  above  the  near-surface  mark.  The 
post  office  is  Bowesville. 

Ashton,  1907. — This  station  is  situated  on  lot  27,  concession  VIII,  township 
Beckwith,  Lanark  county,  province  of  Ontario,  on  land  owned  by  Neil  Stewart, 
Ashton  post  office. 

A  copper  bolt  is  leaded  in  the  rock  3  feet  6  inches  below  the  surface  of  the 
ground.  A  flat  stone  covers  the  bolt,  on  which  a  4-inch  sewer  pipe  stands. 
The  pipe  is  filled  with  concrete,  with  a  small  iron  spike  in  the  top  for  a  surface 
mark  about  14  inches  below  the  general  level  of  the  ground.  A  tower  with  a 
95-foot  tripod  was  erected  over  this  station. 

The  neare'st  railway  station  is  Ashton  on  the  Canadian  Pacific  railway, 
23  miles  southwest  of  Ottawa.  The  geodetic  station  is  about  one  and  a  "half 
miles  southeast  of  the  railw^ay  station— a  short  distance  to  the  right  of  the 
main  highway. 

Groveton,  1907. — This  station  is  situated  on  the  west  half  of  lot  23,  con- 
cession IX,  in  the  township  of  Edwardsburg,  in  the  county  of  Grenville,  Ontario. 

The  geodetic  point  is  marked  by  the  point  of  a  6-inch  spike,  head  down, 
cemented  into  the  top  of  a  verticalh^  placed  4-inch  by  2-foot  tile  at  a  depth 
of  3  feet  9  inches  below  the  surface.  A  near-surface  mark  of  the  same  con- 
struction is  placed  15  inches  below  the  surface. 

Observations  were  made  from  a  70-foot  tower. 

North  Gower,  1907. — This  station  is  situated  on  lot  17,  concession  III,  of 
the  township  of  North  Gower,  Carleton  county,  Ontario.  The  property  is 
owned  by  Nixon  Craig,  North  Gower. 
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The  geodetic  station  is  marked  by  the  points  of  two  spikes  set  in  concrete 
in  4-inch  tile.  The  upper  tile  comes  within  9  inches  of  the  surface,  and  the 
lower  is  3  feet  below  the  surface.  Connection  is  made  with  a  concrete  witness 
monument  at  an  azimuth  of  346°  54'  04",  and  distant  262  feet  from  the  geodetic 
point. 

Observations  from  an  80-foot  tower  were  made  from  this  station  in  1908. 

Montague,  1907. — This  station  is  situated  on  lot  4,  of  the  7th  concession 
of  Montague,  county  of  Lanark,  province  of  Ontario.  The  owner  is  Hugh 
Thompson,  North  Montague  post  office. 

The  geodetic  point  is  marked  on  the  upper  surface  of  a  copper  bolt  6  inches 
long,  placed  in  a  hole  drilled  to  a  depth  of  3  inches  into  the  rock  and  concreted 
to  within  1  inch  of  the  top  of  the  bolt.  The  top  of  the  bolt  is  about  3  feet  below 
the  surface.  A  near-surface  mark  of  the  usual  kind  is  paced  10  inches  })elow 
the  surface.    A  stone  slab  is  placed  over  the  subsurface  mark. 

Observations  were  made  from  this  station  from  a  70-foot  tower. 

Ormond,  1907-08.— This  station  is  situated  on  lot  5,  concession  XI  of  the 
township  of  Winchester,  Dundas  county,  Ontario,  which  is  the  property  of 
John  McKinney  Rodney,  farmer,  who  lives  about  300  yards  east  of  the  tower. 
The  post  office  is  Ormond. 

The  geodetic  point  is  marked  by  the  point  of  a  spike  in  a  layer  of  cement 
8  inches  thick,  on  a  bed  of  rock  3J  feet  below  the  surface.  Above  this  is  a 
6-inch  layer  of  sand,  above  which  is  another  nail  in  the  top  of  a  2-foot  tile  filled 
with  cement,  the  upper  end  being  9  inches  below  the  surface  of  the  ground. 

A  reference  monument  is  distant  191  -69  feet  at  an  azimuth  of  261°  13'  41", 
and  the  northwest  corner  of  the  lot  is  distant  959-8  feet  at  an  azimuth  of  319° 
38'  07". 

The  height  of  the  lamp  stand  above  the  tripod  top  and  the  near-surface 
mark  is  6  •  1  feet  and  87  •  2  feet,  respectively. 

Dundela,  1 907-08 .—This  station  is  situated  on  the  east  half  of  lot  2,  con- 
cession V,  of  the  township  of  Matilda,  Dundas  county,  Ontario.  The  property 
is  owned  by  Robert  S.  Merkley,  and  the  post  office  is  North  Williamsburg. 

The  geodetic  point  is  marked  by  underground  and  surface  marks,  each 
being  the  points  of  6-inch  spikes  set  in  concrete  in  the  top  of  a  6-inch  tile,  2 
feet  long.  Between  the  two  tiles  is  6  inches  of  dry  sand.  The  top  of  the  upper 
tiles  is  flush  with  the  surface  of  the  ground. 

Connection  is  made  with  a  concrete  witness  monument  of  the  usual  form 
situated  in  the  northwesterlv  corner  of  an  orchard,  and  being  at  an  azimuth 
of  318°  59'  and  distant  224 -12  feet  from  the  geodetic  point. 

Observations  were  made  from  a  70-foot  tower  in  1908. 

Osnabruck,  1908. — This  station  is  situated  on  the  highest  part  of  lot  28, 
concession  V,  of  Osnabruck  township,  Stormont  county,  province  of  Ontario. 
Owner  of  property  is  A.  S.  Hodgins,  Osnabruck  Centre  post  office. 

The  station  is  marked  by  a  copper  bolt  set  in  concrete  four  feet  below  the 
surface  of  the  ground;  a  near-surface  mark  is  placed  directly  over  this,  12  inches 
below  the  surface  of  the  ground. 

The  station  is  referenced  to  the  southeast  corner  of  the  lot  and  to  a  con- 
crete monument  as  follows: — 

Azimuth  Distance 

Lot  corner   143°  06'  22"    1084' -75 

Monument   143    21    33     1081' -68 

The  tripod  is  81-7  feet  above  the  near-surface  mark,  and  the  lamp  stand 
87-8  feet  above  the  near-surface  mark. 

The  nearest  railroad  station  is  Aultsville  on  the  Grand  Trunk  railway, 
which  is  63^2  niiles  distant,  or  Finch  on  the  Canadian  Pacific  railwaj'  and  New 
York  and  Ottawa  railway,  which  is  8  miles  distant. 
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Sidney. — This  station  is  situated  a  little  to  the  south  of  the  highest  part  of 
•a  heavily  wooded  ridge  on  the  northerly  end  of  lot  13,  concession  VI  of  the 
township  of  Sidney,  in  Hastings  county,  Ontario. 

The  geodetic  point  is  marked  by  a  copper  pin  set  in  concrete,  12  inches 
below  the  surface  and  referenced  by  three  nails  in  a  large  oak  tree  as  follows: — 

Azimuth  Distance 

Oak  tree   199°  28'  76-5  ft. 

The  station  may  be  reached  from  either  Stirhng  on  the  Grand  Trunk 
railway,  or  Frankford  on  the  Canadian  Northern  railway. 

Ameliashurg  (Secondary). — This  station  is  situated  on  lot  97,  concession 
IV  (counting  south  from  the  Bay  of  Quinte,  and  being  the  concession  adjoining 
the  township  of  Hillier)  of  the  township  of  Ameliasburg,  Prince  Edward 
county,  Ontario. 

The  geodetic  point  is  marked  by  a  copper  pin  set  in  concrete  14  inches  below 
the  surface  of  the  ground  and  referenced  by  three  nails  in  a  hickory  tree  (the 
centre  one  of  five  similar  trees)  close  to  the  westerly  line  of  the  lot  as  follows: — 

Azimuth  Distance 

Nails  in  tree   242°  43'  270-5  ft. 

The  point  is  also  251-5  feet  from  the  westerly  line  of  lot  97  and  2,718  feet 
from  the  intersection  of  the  above  fine,  with  the  northerly  Hmit  of  the  main 
road,  which  runs  close  to  the  north  side  of  Consecon  lake. 

The  station  is  reached  by  driving  2  miles  easterly  from  Consecon  on  the 
Canadian  Northern  railway. 

Note. — The  concessions  in  the  township  of  Ameliasburg  are  numbered  at 
the  present  time  from  the  Bay  of  Quinte  southwards.  The  township  maps 
show  them  numbered  from  the  township  boundary  of  Hillier  northwards.  For 
this  reason  the  station  has  been  described  as  above  to  avoid  possible  errors  in 
locating  it  on  the  map. 

Presqu'Ue  Geodetic  Station. — This  station  is  183-61  feet  distant  from 
Presqu'ile  lighthouse  at  the  easterly  end  of  Presqu'ile  peninsula  (sometimes 
called  island)  which  lies  south  of  the  township  of  Brighton,  Northumberland 
county,  Ontario,  and  is  the  station  from  which  observations  were  originally  made 
and  on  which  observations  from  the  other  stations  were  made.  As  such  it  is 
the  station  which  entered  into  the  net  adjustment. 

From  this  station  the  station  Presqu'ile  hghthouse  was  determined,  it 
being  distant  183-61  feet,  at  an  azimuth  of  108°  28'  35". 

The  station  is  reached  by  driving  from  Brighton  around  the  beach  or  by 
boat  fro^^i  either  Consecon  or  Brighton. 

West  Point. — This  station  is  situated  on  the  top  of  a  steep  sand  hill  about 
90  feet  above  the  level  of  lake  Ontario,  just  to  the  north  of  the  Lake  Shore  hotel, 
and  about  300  feet  from  the  lake,  in  the  extreme  southwesterly  portion  of  the 
township  of  Hallowell,  Prince  Edward  county,  Ontario. 

The  geodetic  point  was  marked  by  a  copper  wire  set  in  concrete  in  a  sewer 
tile  6  inches  in  diameter  and  2  feet  long,  about  one  foot  below  the  surface  of  the 
sand.  The  hill  consists  of  drifting  sand,  and  the  geodetic  point  is  not  therefore 
likely  to  be  permanent. 

The  station  was  referenced  by  connecting  with  one  of  the  signals  of  the 
Hydrographic  Survey  and  with  the  northeasterly  corner  of  the  most  westerly 
subdivision  of  Hallowell  township,  where  the  West  Lake  road  reaches  lake 
Ontario.    The  connections  are: — 

■1  Azimuth  Distance 

Hydrographic  signal  "   236°  41'  52"       24-12  metres 

Lot  corner   129    45    52  181-78 
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The  most  convenient  railway  station  is  Picton  on  the  Canadian  Northern 
railway,  from  which  the  geodetic  station  is  reached  by  driving  12  miles  south- 
westerly on  the  West  Lake  road. 

Point  Petre. — This  station  is  the  centre  of  Point  Petre  lighthouse,  situated 
on  the  most  southerly  point  of  the  township  of  Athoi  in  Prince  Edward  county, 
Ontario. 

The  station  is  reached  by  driving  15  miles  from  Picton  on  the  Canadian 
Northern  railway  southwesterly  to  Cherry  Valley  and  then  southerly  on  the  Point 
Petre  road  which  ends  at  the  lighthouse. 

Scotch  Bonnet. — This  station  is  the  centre  of  Scotch  Bonnet  lighthouse,  on 
the  island  usually  called  Scotch  Bonnet,  or  sometimes  Egg  island,  off  the  coast 
of  Prince  Edward  county. 

The  island  is  about  400  feet  long  and  100  feet  wide.  It  is  soHd  rock,  with  a 
httle  soil  on  top,  and  is  about  2  miles  from  the  mainland  and  1  mile  from  Nichol- 
son's island,  which  hes  between.  The  nearest  part  of  the  mainland  is  the  south- 
westerly portion  of  the  township  of  HiUier,  county  of  Prince  Edward,  province 
of  Ontario. 

Scotch  Bonnet  may  be  reached  from  either  Consecon  or  Wellington  on  the 
Canadian  Northern  railway. 
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STANDARDS  OF  THE  GEODEITIC  SURVEY  OF  CANADA 


by  F.  A.  McDiARMiD 

Geodesy  is  the  science  of  surveying  extended  to  large  tracts  of  country, 
having  in  view  not  only  the  production  of  a  system  of  maps  of  very  great  accuracy, 
but  the  determination  of  the  curvature  of  the  surface  of  the  earth  and  eventually 
of  the  figure  and  dimensions  of  the  earth.  This  last,  indeed  may  be  the  sole 
object  in  view  as  was  the  case  in  the  operations  conducted  in  Peru  and  in  Lap- 
land by  the  celebrated  French  astronomers,  P.  Bouguer,  C.  M.  De  La  Candamine, 
A.  C.  Clarault  and  others,  and  the  measurement  of  the  meridian  arc  of  France 
by  Michain  and  Dalambre  had  for  its  determination  the  true  length  of  the 
''Metre"  which  was  to  be  the  legal  standard  of  length  of  France. 

The  basis  of  every  extensive  survey  is  an  accurate  triangulation,  and  the 
operation  of  geodesy  consists  in  the  measurement,  by  theodolites,  of  the  angles 
of  the  triangles,  the  measurement  of  one  or  more  sides  of  these  triangles  on  the 
ground,  the  determination  by  astronomical  observations  of  the  azimuth  of  the 
whole  network  of  triangles;  the  determination  of  the  actual  positions  of  the 
same  on  the  surface  of  the  earth  by  observations,  first  for  latitude  at  some  of  the 
stations,  and  secondly  for  longitude  and  the  determination  of  altitude  for  all 
the  stations.  The  azimuth  and  longitude  must  always  be  observed  at  the  same 
station,  thus  providing  a  Laplace  determination  to  control  the  twist  of  the 
triangulation.  For  computation  the  points  of  the  actual  surface  of  the  earth  are 
imagined  as  projected  along  their  respective  plumb  lines  on  the  mathematical 
figure  which  is  given  by  the  stationary  sea  level  and  the  extension  of  the  sea 
through  the  continents  by  a  system  of  imaginary  canals. 

For  many  purposes  the  mathematical  surface  is  assumed  to  be  a  plane;  in 
other  cases  a  sphere  of  radius  6,371  kilometres  (20,900,000  feet);  in  case  of 
extensive  operations  the  surface  must  be  considered  as  a  compressed  ellipsoid 
of  rotation,  whose  minor  axis  coincides  with  the  earths  axis  and  whose  com- 
pression, flattening  or  ellipticity  is  about  g^^-. 

MEASUREMENT  OF  BASE  LINES 

To  determine  by  actual  measurement  on  the  ground  the  length  of  side  of 
one  of  the  triangles  (Base  Line),  wherefrom  to  infer  the  length  of  all  the  other 
sides  in  the  triangulation,  is  not  the  least  difficult  operation  of  a  trigonometrical 
survey.  When  the  problem  is  stated  thus — to  determine  the  number  of  times 
that  a  certain  standard  or  unit  of  length  is  contained  between  two  finely  marked 
points  on  the  surface  of  the  earth,  at  a  distance  of  some  miles  apart,  so  that  the 
error  of  the  result  may  be  pronounced  to  lie  between  certain  very  narrow  limits — 
then  the  question  demands  very  serious  consideration.  The  representation  of 
the  unit  of  length  by  means  of  the  distance  between  two  fine  lines  on  the  surface 
of  a  bar  of  metal  at  a  certain  temperature  is  never  itself  free  from  uncertainty 
and  probable  error,  owing  to  the  difficulty  of  knowing  at  any  moment  the  precise 
temperature  of  the  bar;  the  transference  of  this  unit,  or  multiple  of  it,  to  a 
measuring  bar  will  be  affected  not  only  with  errors  of  observation,  but  with 
errors  arising  from  uncertainty  of  temperature  of  both  bars.  If  the  measuring 
bar  is  not  self-compensating  for  temperature,  its  expansion  must  be  determined 
by  very  careful  experiments.  The  thermometers  required  for  this  purpose 
must  be  very  carefully  studied,  and  their  errors  of  division  and  index  errors 
determined.    In  1871  Mr.  R.  S.  Woodward  of  the  United  States  Coast  and 


5 


6 


Geodetic  Survey  of  Canada 


Geodetic  Survey  invented  his  5-metre  ice  bar,  and  for  determining  the  lengths 
of  the  field  tapes  or  wires  used  in  measuring  base  lines,  this, 5-metre  ice  bar  has 
been  used  since  then.  The  introduction  of  the  ice  bar  apparatus  did  away  with 
all  uncertainty  of  temperature  of  the  bars  used  as  standards.  The  length  of 
the  5-metre  bar  was  determined  from  the  standard  metre  bar  which  was  secured 
by  the  United  States  Government  in  1799,  and  which  had  been  standardized 
by  the  French  committee  in  terms  of  the  toise  which  had  served  as  a  standard 
unit  in  measuring  the  meridian  arcs  of  France  and  Peru.  The  lengths  of  the 
chains  or  tapes  used  in  measuring  the  bases  in  the  field  were  determined  from  the 
lengths  of  this  5-metre  bar.  A  distance  of  100  metres  was  first  carefully  measured 
with  the  5-metre  ice  bar,  and  then  its  length  was  determined  with  the  tapes. 
The  method  of  these  comparisons  will  be  explained  later.  In  November  of 
1877,  the  United  States  Government  received  three  platinum-iridium  bars  of  the 
prototype  metre  standardized  by  the  International  Bureau  at  Paris,  and  from 
early  in  1900  these  have  referred  the  Coast  Survey  standard  to  the  International. 
The  length  of  the  iron  metre  bar  was  given  in  1799  as  1  m  —  0.4  and  from 
comparisons  with  the  new  bar  its  length  in  1900  was  1  m  -f  0.2^t  +  0.6 

Probably  a  few  words  regarding  these  national  prototype  bars  may  be  of 
interest.  In  the  year  1870  the  government  of  France  invited  the  governments 
of  the  world  to  send  delegates  to  Paris  for  the  purpose  of  forming  an  inter- 
national commission  having  for  its  object  the  construction  of  a  new  metre  as  an 
international  standard  of  length.  Owing  to  the  unsettled  political  condition 
then  prevailing  in  Europe,  nothing  was  done  until  the  second  meeting  in  1872, 
when  a  general  plan  was  outlined  and  definite  propositions  as  to  the  mode  of 
procedure  to  attain  the  objects  in  view  were  adopted.  The  most  important  of 
these  propositions  were  to  make  the  International  metre  a  line  measure  whose 
length  at  0°  C.  should  be  equal  to  that  of  the  Metre  des  Archives,  and  to  use  as 
the  material  for  the  standard  an  alloy  of  platinum-iridium  containing  10%  of 
iridium  with  a  tolerance  of  2%  in  excess  or  deficiency.  On  May  20,  1875,  a 
metric  convention  was  signed  at  Paris  by  the  representatives  of  seventeen 
nations  for  the  purpose  of  establishing  and  maintaining  at  the  common  expense 
a  scientific  and  permanent  International  Bureau  of  Weights  and  Measures  near 
Paris.  By  this  treaty  the  operations  of  the  International  Bureau  are  put  under 
the  exclusive  direction  and  supervision  of  an  International  Committee,  which 
latter  is  under  the  control  of  a  general  conference  composed  of  delegates  from  all 
the  contracting  governments.  This  International  Bureau  of  Weights  and 
Measures  is  charged  with 

(1)  All  comparisons  and  verifications  of  the  new  prototj^pe  of  the  metre 

and  kilogramme. 

(2)  The  custody  of  the  International  prototypes. 

(3)  The  periodical  comparison  of  the  national  standard  with  the  Inter- 

national Prototypes,  and  with  their  test  copies,  as  well  as  the  com- 
parison of  standard  thermometers. 
After  much  experimenting  and  investigation  an  alloy  was  produced  from  which 
some  thirty-one  bars  were  made.  The  length  of  one  of  these  at  0°  C.  was  found 
equal  to  that  of  the  Metre  des  Archives,  and  it  was  selected  as  the  International 
prototype.  The  other  bars  distributed  to  the  different  governments  are  called 
National  Prototypes,  and  their  lengths  are  obtained  with  the  greatest  degree 
of  accuracy  obtainable.  The  probable  error  of  the  comparison  of  the  national 
bars  with  the  International  metre  is  -04  where  fi  stands  for  micron  or  the 
millionth  part  of  a  metre. 

As  pointed  out  above,  the  United  States  government  has  three  of  these 
national  prototypes.  Two  of  them  are  known  as  Nos.  27  and  21.  Some  doubt 
as  to  whether  there  was  any  change  in  their  lengths  arose  and  in  1901  No.  27 
was  again  compared  with  the  International  bar.  The  length  in  1888  for  No. 
27  was  1  m.-l-55  m  at  0°  C. 
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In  1901  the  length  of  No.  27  was  1  m.-2  00  /x  at  O""  C,  or  there  was  an 
apparent  shortening  of  -45  ix.  It  is  not  the  intention  to  discuss  this  apparent 
discrepancy.    It  i^  not  vital  to  this  report. 

THE  STANDARDS  BUILDING 

The  standards  building  of  the  Geodetic  Survey  of  Canada  is  a  one-story 
building  about  one  hundred  and  eighty  feet  long  and  twenty-five  feet  wide. 
It  stands  approximately  north  and  south.  The  inside  of  the  building  is  lined, 
walls  and  ceiling,  with  matched  lumber.  The  floor  is  of  concrete  several  inches 
thick.  Down  the  centre  runs  the  50-metre  comparator  or  base.  This  base  is 
divided  into  ten  equal  parts  by  eleven  piers  placed  at  intervals  of  five  metres. 
The  last  5-metre  space  at  the  north  end  is  divided  into  five  equal  parts  by  four 
intermediate  piers.  All  these  piers  are  insulated  from  the  floor  and  made  as 
free  as  possible  from  any  external  vibration.  On  the  tops  of  the  piers  are  placed 
cast  iron  plates  with  attachments  for  mounting  and  adjusting  microscopes. 
These  microscopes  are  mounted  vertically  on  projecting  arms,  over  the  centre 
of  a  steel  rail  track  on  which  two  small  cars  may  travel  from  end  to  end  of  the 
comparator.  These  cars  are  to  carry  a  trough  holding  ice  and  water  supporting 
the  5-metre  bar  which  will  be  described  later.  The  cars  and  trough  can  be 
moved  along  the  track  from  pier  to  pier,  and  with  the  aid  of  controlling  levers 
attached  to  the  cars,  may  be  held  under  the  microscopes  arid  the  length  of  the 
base  multiplied  ten  times,  determining  the  absolute  length  of  the  50-metre 
base  in  terms  of  the  5-metre  bar.  The  5-metre  section  at  the  north  end  of  the 
50-metre  base  is  used  for  determining  the  length  of  the  5-metre  bar  in  terms 
of  the  standard  metre  nickel  bar.  The  rails  of  the  track  carrying  the  car  are 
insulated  from  the  concrete  floor  of  the  building  so  that  no  vibration  may  be 
communicated  from  the  floor  to  the  'bar. 

The  ends  of  the  50-metre  base  are  marked  by  bronze  bolts  set  on  end  in 
concrete  blocks  which  are  projections  of  the  end  piers  built  up  from  the  bottom, 
the  tops  of  these  bolts  which  are  hemispherical  are  shghtly  below  the  floor  level. 

The  microscopes  on  the  end  piers  over  the  bolts  are  larger  and  more  powerful 
than  those  on  the  intermediate  piers,  they  are  mounted  permanently  and 
provided  with  adjusting  screws  parallel  and  transverse  to  the  base.  The 
centres  of  the  heads  of  these  bronze  bolts  are  the  fiducial  points  of  the  base. 
To  refer  to  these  points,  cylinders  called  '^cut-ofTs"  are  used.  They  terminate 
at  one  end  with  conical  holes  which  fit  over  the  spherical  heads.  The  other 
ends  are  fitted  with  transverse  levels  and  graduated  scales.  The  scales  are 
brought  by  rack  and  pinion  motion  under  the  microscopes  whose  position 
relative  to  the  fiducial  points  are  sought. 

The  scales  and  levels  which  are  parallel  to  one  another  are  placed  parallel 
to  the  line  measured;  with  the  cylinders  thus  placed  readings  of  the  micrometer 
on  the  scales  and  of  the  positions  of  the  level  bubble  are  made.  The  cj  linders 
are  then  turned  one  hundred  and  eighty  degrees  in  azimuth  and  the  scale  and 
level  readings  again  observed.  From  these  observations  and  the  height  of  the 
scales  above  the  bolt  heads,  the  horizontal  distances  (in  the  direction  of  the  line) 
between  the  micrometer  zeros  and  the  fiducial  points  may  be  determined. 

Standards 

The  standard  of  length  of  the  Geodetic  Survey  of  Canada  is  a  nickel  bar, 
known  as  No.  10239.  This  bar  is  of  H  form  section,  total  length  about  102-6 
cm.,  and  length  of  side  about  2-5  cm.  The  graduations  are  on  the  neutral  plane 
of  the  bar,  and  are  at  each  millimetre  from  0  to  100  cm.  A  millimetre  scale 
divided  into  tenths  is  added  immediately  beyond  each  end  of  the  fundamental 
distance  0-100  cm. 
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Prof.  R.  T.  Glazebrook  of  the  National  Physical  Laboratory,  Teddington, 
England,  gives  the  actual  length  of  the  bar  at  0°  C.  as  1  •  0000269  metres,  and 
the  length  at  a  temperature  t°  C.  has  been  found  to  be  given  by  the  formula: 
Lt  =  L°  (1  +  0-000, 012, 53t  +  0- 000, 000, 005, 21 1^)  the  temperature  being 
expressed  in  the  hydrogen  scale. 

There  are  two  other  metre  bars  known  as  No.  10241 A  and  10241. 

No.  10241A  is  of  invar.  Its  length  was  also  given  by  the  National  Physical 
Laboratory,  but  on  account  of  the  instability  of  the  alloy,  it  has  not  been  used. 
Also  No.  10241  has  not  been  used  except  as  a  check. 

The  length  of  the  standard  bar  No.  10239,  as  stated  above,  was  determined 
by  Prof.  Glazebrook,  by  comparing  with  the  metre  bar  of  the  National  Physical 
Laboratory,  which  in  turn  was  determined  from  the  International  bar  at  Sevres 
near  Paris.  The  standard  of  length  of  the  Geodetic  Survey  of  Canada  is,  there- 
fore, based  directly  on  the  International  metre. 

FIVE-METRE  BAR  AND  ICE  TROUGH 

The  auxiliary  standard  of  the  Geodetic  Survey  of  Canada  is  a  5-metre  bar 
of  tire  steel,  obtained  from  Washington  in  1906.  This  bar  is  5-02  m.  long  1-8 
mm.  thick  and  32  mm.  deep.  The  upper  half  is  cut  away  about  22  mm.  at  each 
end  and  platinum-iridium  graduation  plugs  inserted  with  their  upper  surfaces  in 
the  neutral  surface  of  the  bar.  One  line  transverse  to  the  length  of  the  bar,  and 
two  longitudinal  lines  are  ruled  on  each  plug.  These  transverse  lines  establish 
the  ends  of  the  measure.  Eleven  German  silver  plugs  projecting  slightly  are 
inserted  in  the  upper  surface  of  the  bar  for  alinement  vertically  by  means  of  a 
striding  level,  and  horizontally  by  stretching  a  fine  wire  along  the  top. 

The  5-metre  bar  is  mounted  in  a  Y  shaped  trough  known  as  the  ice  trough. 
This  trough  supports  the  bar,  keeps  it  alined,  and  carries  the  load  of  ice  and 
water  essential  to  control  the  bar's  temperature. 

The  sides  of  the  trough,  which  are  of  steel  plate  bent  to  form  an  angle  of 
60°,  are  rivetted  together.  The  bar  is  supported  at  every  half  rnetre  of  its  length 
by  saddles  which  are  rigidly  attached  to  the  sides  of  the  trough  by  screws. 
Each  saddle  carries  one  vertical  and  two  lateral  adjusting  screws.  These  screws 
serve  to  fix  the  alinement  of  the  bar.  The  lateral  adjusting  screws  of  the  saddle 
at  the  ends  of  the  bar  are  at  the  same  heights  and  the  lateral  adjusting  screws 
of  the  intermediate  saddles  are  alternately  high  and  low.  The  object  of  this 
disposition  is,  first,  to  prevent  pinching  the  bar,  which  might  occur  if  the  screws 
were  all  opposite  to  each  other,  second  to  afford  some  means  of  rotating  the  bar 
slightly  about  its  longitudinal  axis.  So  that  for  a  fixed  and  nearly  vertical 
position  of  the  trough  the  graduated  surface  of  the  bar  tnay  be  made  horizontal. 
The  vertical  adjusting  screws  of  the  saddle  project  below  the  vertex  of  the  trough. 
The  trough  is  very  rigid  with  respect  to  vertical  stresses,  and  is  covered  with  a 
close  fitting  jacket  of  heavy  padded  cotton  which  protects  the  bar  and  load  from 
direct  radiation. 

For  measuring  grade  angles  a  sector  reading  by  two  opposite  verniers  is 
attached  to  one  side  of  the  trough  near  its  middle  point.  The  Y  trough  is 
mounted  on  two  cars,  the  saddles  of  which  are  attached  to  the  trough  40  cm. 
from  either  end,  and  which  are  provided  with  an  adjustment,  laterally,  longi- 
tudinally and  vertically  for  centering  and  focusing  the  ends  of  the  bar  under 
the  microscopes.  Up  to  the  present  time  the  1-metre  bar  has  been  mounted  in  a 
wooden  trough  which  rests  on  two  supports  placed  on  top  of  the  5-metre  trough, 
but  a  new  1-metre  ice  trough  is  in  process  of  making. 

The  neutral  horizontal  plane  of  the  metre  bar  is  made  parallel  to  the  neutral 
plane  of  the  5-metre  bar,  and  is  also  placed  in  the  same  vertical  plane. 

When  the  apparatus  is  in  use  the  trough  is  filled  with  ice  and  water.  Brass 
tubes  with  suitable  rubber  washers  are  adjusted  over  the  end  graduations  of 
the  bars,  and  the  bars  are  then  completely  covered  with  ice  and  water. 
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The  5-metre  bar  is  first  placed  in  alinement  by  means  of  a  fine  thread  run 
from  end  to  end  of  the  trough.  The  centres  of  the  tops  of  the  plugs  in  the  top 
of  the  bar  are  placed  directly  under  the  thread.  The  bar  is  placed  in  a  horizontal 
plane  by  means  of  a  striding  level  which  reaches  from  any  one  plug  to  the  third, 
a  distance  of  999  cm. 

After  having  both  bars  carefully  adjusted,  it  is  absolutely  necessary  that 
both  be  at  0°  C.  Experience  has  shown  that  the  two  bars  should  be  in  a  solution 
of  ice  and  water  nearly  forty-eight  hours  before  it  is  well  to  commence  observa- 
tions. When  both  bars  have  been  a  sufficient  time  in  the  solution  of  melting 
ice,  the  microscope  at  the  south  end  of  the  5-metre  space  at  the  north  end  of 
the  50-metre  comparator  is  set  at  some  arbitrary  setting.  The  graduation  on 
the  south  end  of  the  5-metre  bar  is»then,  by  means  of  the  levers  and  adjusting 
screws  brough  to  be  covered  by  the  wires  in  the  microscopes.  The  north  end  of 
the  5-metre  bar  is  then  brought  into  adjustment  with  the  north  end  microscope 
of  the  50-metre  comparator.  When  the  5-metre  bar  is  thus  perfectly  adjusted 
under  the  microscopes,  the  cars  carrying  the  trough  and  bars  are  then  clamped 
to  the  rails.  Simultaneously,  observers  at  either  end  set  the  micrometer  wires 
on  the  bar  graduations  and  make  the  readings  which  are  recorded.  Five  pairs 
of  readings  are  made  and  then  the  observers  change  ends  and  make  five  other 
pairs.  In  this  way  any  personal  equation  errors  will  be  eliminated.  The  mean 
of  the  ten  readings  will  be  the  position  of  the  zeros  of  the  microscopes  with 
relation  to  the  5-metre  bar. 

The  level  of  the  sector  is  adjusted  and  the  verniers  read.  One  such  set  of 
readings  will  give  the  distance  between  the  zeros  of  the  two  microscopes  in 
terms  of  one  length  of  the  5-metre  bar,  the  micrometer  reading  and  the  sector 
reading.  The  trough  is  then  lowered  and  the  south  end  of  the  1-metre  bar  is 
brought  under  the  south  microscope,  and  the  north  end  of  the  bar  is  adjusted 
with  respect  to  the  microscope  on  the  next  pier.  Then  readings  are  taken  on 
the  metre  bar  following  the  same  programme  as  with  the  5-metre  bar.  The  car 
is  then  moved  one  space  north  and  the  graduation  on  the  south  end  of  the  metre 
bar  is  brought  into  adjustment  under  the  micrometer  wires  of  the  second 
microscope,  and  the  second  space  is  measured  in  exactly  the  same  way.  This 
operation  is  repeated  until  the  whole  five  spaces  are  occupied.  Thus  the  distance 
between  zeros  of  the  microscopes  on  the  south  and  the  north  ends  of  the  5-metre 
bar  space  is  determined  in  terms  of  five  lengths  of  the  1-metre  bar,  the  small 
difference  of  the  intermediate  microscopes,  the  readings  of  the  end  microscopes 
and  the  sector  readings  on  the  spaces.  Comparison  of  this  result  with  that 
obtained  from  the  5-metre  bar,  will  give  an  equation  to  determine  the  length 
of  the  5-metre  bar  in  terms  of  the  length  of  the  1-metre  bar. 

If  S  and  N  be  th«  micrometer  readings  on  south  and  north  end  respec- 
tively, of  the  5-metre  bar,  and  F  the  correction  for  sector,  and  L  the  length 
of  the  5-metre  bar,  then  the  distance  between  the  zero  of  the  south  and  north 
microscopes  =  L  +  F  +  (N-S)   (1). 

If  Si  and  ni,  S2  and  n2,  S3  and  ns,  S4  and  n4,  S5  and  n5  be  the  micrometer 
recordings  on  the  south  and  north  ends  of  the  several  metre  spaces;  fi,  f2,  fa, 
f4,  fs  the  corrections  for  the  sector,  and  1  the  length  of  the  1-metre  bar,  then 
the  difference  between  the  zeros  of  the  end  microscopes  of  the  5-metre  space  = 
51  +  fi  +  f2  +  fa  +  f4  +  f5  +  (ni  +  n2  -h  ns  +  n4  +  ng)  -  (si  +  S2  +  S3  -f  S4 


+  ss)  -  (2) 

Equating  (1)  and  (2)  there  obtains 
L  -I-  F  +  (N-S)  =   51  +  fi  +  f2  +  fs  +  f4  +  fa  -  si  4-  (ni  -  S2)  +  (n2  -  S3) 

-{-  (n3  -  S4)  +  (n4  -  S5)  +  n5  (3) 

or 

L=  51       (fi  +  f2  +  fs  +  f4  +  f5  -  F)  +  (S  -  Si)  +  (ni  -  S2)  +  (n2  -  S3) 
+  (n3  -  S4)  +  (n4  -  S5)  +  ns  -  N  (4) 


Now  S  and  s,  are  made  as  nearly  equal  as  possible,  being  starting  points  for 

56941— 3^ 


10 


Geodetic  Survey  of  Canada 


both  bars,  also  iii  and  S2,  n2  and  S3,  riz  and  S4,  n4  and  S5  are  nearly  equal.  This 
causes  the  value  of  L  to  depend  nearly  on  the  value  of  1  and  the  value  of 
(ns  —  N)  the  difference  of  the  readings  on  the  north  microscope.  Usually 
twelve  such  sets  of  observations  are  taken  and  an  error  of  very  small  dimensions 
will  show  in  the  mean  result. 

The  following  tables,  Nos.  (1)  and  (9)  show  the  results  of  the  comparisons 
of  the  1-  and  5-metre  bars,  which  were  taken  in  May  and  September  of  1917. 

LENGTH  OF  COMPARATOR  AND  REFERENCE  TAPE 

Having  determined  the  length  of  the  5-metre  bar  the  next  step  is  to  obtain 
the  length  of  the  reference  tape.  There  are  five  invar  tapes  of  the  Geodetic 
Survey  of  Canada.  Three  of  these  Nos.  3139,  3140  and  3141  are  used  in  the 
field  work,  and  two  Nos.  4252  and  13814  are  emploj^ed  as  reference  tapes.  The 
length  of  the  reference  tape  No.  4252  is  first  determined  from  the  5-metre  bar 
and  then  the  lengths  of  the  other  four  tapes  are  found  by  comparison  with  the 
reference  tape.  In  determining  the  length  of  the  reference  tape  the  following 
operations  are  carried  out.  The  length  of  the  50-metre  comparator  is  first  found 
in  terms  of  ten  lengths  of  the  5-metre  bar.  The  position  of  the  microscope 
relatively  to  the  fiducial  point  at  one  end,  say  the  south  end  of  the  comparator 
having  been  observed,  the  trough  carrying  the  5-metre  bar  is  brought  under 
tlie  microscopes  and  the  graduation  on  the  south  end  of  the  bar  is  brought 
between  the  wires  of  the  south  end  microscope  and  by  means  of  a- lever  the 
south  end  observer  holds  the  bar  near  to  bisection  while  the  north  end  observer 
brings  the  north  end  graduation  under  the  microscope  at  the  north  end  of  the 
bar.  When  the  bar  and  microscopes  are  adjusted,  the  south  end  observer 
brings  the  south  end  graduation  accurately  to  bisection  by  use  of  his  lever 
without  turning  the  micrometer  screw.  Simultaneously  he  gives  the  signal 
''point"  to  the  north  end  observer  who  brings  his  micrometer  wire  to  bisect  the 
north  end  graduation.  The  observers  then  read  the  micrometers  and  the 
recorder  notes  the  readings.  The  observers  change  ends  and  repeat  the  opera- 
tion. The  north  microscope  of  the  pair  is  then  set  at  the  mean  of  the  two 
readings  of  the  north  end  of  the  bar;  the  bar  is  moved  on  to  the  next  space 
and  so  on  until  the  different  spaces  of  the  comparator  are  occupied.  The  grade 
sector  is  read  on  each  space,  and  a  correction  for  sector  is  applied.  The  values 
of  the  micrometer  screws  are  accurately  known.  The  north  end  cut-off  is 
read  and  the  zero  of  the  microscope  with  reference  to  the  fiducial  point  is 
determined. 

If  C  s  and  C  n  are  the  cut-off  readings  on  the  south  and  north  ends  of  the 
comparator,  and  Bs  and  Bn  are  the  bar  readings  at  the  south  and  north  ends, 

and  fl,f2,  f3  flO  are  the  sector  corrections  on  the  different  spaces,  and 

L  the  length  of  the  5-metre  bar,  then  the  length  of  the  comparator  is  given  by 

the  equation  C  =  lOL  +  (Bn-Bs)m  +  (Cs  -  Cn)  m  +  fi  +  fs  +  fs  

fio;  where  M  is  the  value  of  the  micrometer  screws  in  microns.  Having  made 
the  trip  from  the  south  to  the  north  microscope  with  the  5-metre  bar  in  a  solution 
of  melting  ice,  the  trough  is  removed  from  the  truck.  In  comparing  the  tape 
with  the  comparator,  the  following  procedure  is  followed:  The  zeroes  of  the  end 
microscopes  are  first  determined  with  reference  to  the  fiducial  points,  on  the  head 
of  the  bolt,  marking  the  ends  of  the  comparator.  The  reference  tape  No.  4252 
is  placed  in  position  under  the  microscopes.  The  tapes -are  alwa3's  used  under  a 
tension  of  fifteen  kilogrammes  over  frictionless  pulleys  and  supported  at  the 
centre  l)y  a  frictionless  race.  Small  wooden  blocks  are  set  on  the  tops  of  the  cut- 
offs, and  the  cut-off  tubes  are  so  adjusted  that  when  the  tape  just  clears  these 
blocks  the  graduations  on  the  tapes  are  in  focus  in  the  microscopes.  The  gradua- 
tions on  the  tapes  do  not  run  entirely  across  the  tapes,  they  cut  the  edge  of  the 
tape  at  one  side  and  run  nearly  to  the  other  edge.    When  the  tape  is  in  position 
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and  adjusted  observations  begin.  One  of  the  observers  moves  the  tape  or  say 
"pushes"  the  tape.  When  he  is  ready  he  calls  ''ready"  to  the  observer  at  the 
other  end  of  the  comparator.  At  this  signal  the  second  observer,  by  a  slight 
pressure  of  the  finger,  brings  the  tape  to  rest,  and  on  the  signal,  ''point",  both 
observers  set  their  micrometer  wires  on  the  graduation  at  their  respective  ends. 
The  micrometer  readings  are  made  and  recorded.  Five  such  pairs  of  readings 
are  observed  and  the  observers  change  ends,  reading  the  thermometers  as  they 
travel  from  end  to  end  of  the  comparator.  For  the  second  five  pairs  of  readings 
the  same  observer  handles  the  tape  and  instead  of  "pushing"  the  tape  now 
"pulls"  it.    The  ten  pairs  constitute  a  full  set. 

If  C  =  length  of  comparator  determined  from  the  5-metre  bar,  C  s  and  C  n 
be  the  cut-off  readings  at  south  and  north  ends  of  comparator,  and  T  s  and  T  n 
the  mean  of  the  ten  readings  on  the  south  and  north  ends  of  the  tape  respec- 
tively, and  t°  C  the  mean  of  the  temperature  readings,  the  length  of  the  tape  at 
t°  C,  is  given  by  1  t°  =  C  +  (T  s  -  T  n)  M  +  (C  n  -  C  s)  M;  and  length  at 
16°-5Cisgivenby  116-5°  =  C  +  (T  s  -  T  n)  M  +  (C  n  -  C  s)  M  +  (16-5-t)Q:; 
a  being  the  unit  of  dilatation  fo  reach  degree  centigrade  for  the  particular  tape 
under  observation. 

After  six  such  sets  are  taken  on  the  tape,  it  is  removed  from  under  the 
microscope  and  the  length  of  the  comparator  again  determined  with  the  5-metre 
bar.  This  time  the  journey  along  the  comparator  is  made  from  north  to  south. 
For  a  complete  determination  of  the  length  of  a  reference  tape  four  such  groups 
should  be  taken;  i.e.,  length  of  comparator  four  times  forward  and  back  and  six 
readings  on  the  tape  between  each  pair  of  journeys  of  the  bar.  In  this  manner 
twenty-four  determinations  of  the  length  of  the  tape  are  obtained.  In  tables  2, 
10  and  17  are  given  the  lengths  of  the  comparator  from  the  5-metre  bar  and  in 
tables  3,  4,  11  and  18  are  found  the  lengths  of  the  reference  tapes  deduced  as 
described  above.  In  the  observations  taken  in  May  the  two  tapes  Nos.  4252 
and  3141  were  deduced  directly  from  the  5-metre  bar,  and  were  used  as  reference 
tapes  to  determine  the  length  of  the  other  three  tapes.  In  the  September  and 
November  observations  tape  No.  4252  was  used  alone  as  the  reference  tape. 

DETERMINATION  OF  LENGTH  OF  FIELD  TAPES 

When  observing  with  tapes  in  the  field  the  temperature  of  the  tapes  is 
secured  from  two  thermometers  which  are  clamped  to  the  tapes  one  metre  from 
either  end.  In  standardizing  the  tapes  the  thermometers  are  always  placed  on 
the  tapes  exactly  as  in  the  field,  and  the  following  series  of  observations  are 
carried  out  in  the  intercomparison  of  tapes. 

The  reference  tape  No.  4252,  whose  length  has  already  been  determined, 
is  placed  under  the  microscope  and  the  length  of  the  comparator  is  derived  from 
the  assumed  length  of  the  reference  tape.  If  C  r  is  the  length  of  the  reference 
tape  at  16° -5  C,  and  t  is  the  temperature  of  observaton,  T  s  and  T  n  the  south 
and  north  readings  of  the  microscope  on  the  tape  graduation  and  C  s  and  C  n  the 
south  and  north  cut-off  readings,  then  the  length  of  the  comparator  is  given  by 
C  -1  r  -  (16-°5  -  t)  a  -  (Ts  -  Tn)  M  +  (Cs  -  Cn)  M,  where  a  is  the  unit 
of  dilatation  for  each  degree  Centigrade  for  the  tape  in  use. 

The  reference  tape  is  then  replaced  by  one  of  the  other  tapes  say  No.  3141 
and  its  length  with  reference  to  the  comparator  is  determined. 

The  other  three  tapes  are  similarly  observed  and  then  the  reference  tape 
No.  4252  a  second  time.   This  constitutes  a  complete  set. 

The  length  of  the  comparator  is  determined  from  the  length  of  the  reference 
tape  No.  4252  and  the  lengths  of  Nos.  3139,  3140,  3141  and  13814  are  deduced 
from  this  determined  length  of  the  comparator.  All  personal  errors  of  the 
observers  are  eliminated  by  exchanging  ends  at  each  half  set,  and  any  errors  of 
pressure  due  to  pulling  or  pushing  the  tape  w^ill  also  be  thrown  out.    If  possible 
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the  observer  who  does  the  pulling  and  pushing  should  be  the  one  who  uses  the 
tapes  in  the  base  observations.  Then  the  tape  will  be  handled  under  exactly 
similar  conditions  as  when  measuring  the  base.  For  a  complete  determining 
of  the  tapes  twelve  such  comparisons  are  made  for  each  tape.  The  deduced 
length  of  the  comparator  from  the  tape  No.  4252  for  the  several  observations 
during  the  past  year  are  shown  in  tables  5,  12  and  19.  The  lengths  of  tape 
No.  3141  are  given  in  tables  4,  13  and  20.  Those  of  tape  No.  3140  are  in  tables 
6,  14  and  21.  Those  of  tape  No.  3139  are  in  table  7,  15  and  22,  and  those  of 
tape  No.  13814  in  tables  8,  16  and  23. 

A  comparison  of  the  length  of  the  5-metre  bar  and  the  several  invar  tapes 
at  the  several  determinations  will  be  of  interest  and  are  shown  in  table  No.  24. 
It  will  be  seen  in  examining  this  table  that  the  length  of  the  5-metre  bar  has 
remained  fairly  constant  as  should  be  expected.  The  range  of  values  is  not  more 
than  one  would  expect  from  errors  of  observations  or  from  errors  of  aUnement. 
If  there  should  be  any  appreciable  error  of  alinement  it  will  have  no  effect  when 
transferred  to  the  tape,  for  all  that  concerns  is  the  distance  between  the  end 
graduations  of  the  5-metre  bar.  If  there  is  a  bend  in  the  bar  it  of  course  will  be 
shortened  a  certain  amount,  but  there  will  be  a  corresponding  increased 
correction  from  the  micrometer  readings  in  determining  the  length  of  the 
comparator.  It  is,  however,  interesting  to  note  this  check  between  the  lengths 
of  the  5-metre  bar  as  given  by  Washington,  and  the  length  as  obtained  in  Ottawa 
from  the  standard  nickel  bar  No.  10239.  The  Washington  length  was  4  •  9999464 
metres  and  the  mean  of  the  length  for  the  several  observations  at  Ottawa  is 
4-9999486  metres,  a  difference  of  only  one  part  in  nearly  two  and  one-quarter 
millions.  There  are  quite  large  changes  in  the  length  of  the  tapes  from  time 
to  time.  Prof.  R.  T.  Glazebrook  of  the  National  Physical  -  Laboratory, 
Teddington,  England,  in  speaking  of  invar  tapes  says:  '^We  have  not  found 
any  tape  yet  that  has  changed  at  a  regular  rate.  All  these  tapes  or  wires  used 
for  base  measurement  are  very  delicate,  and  are  liable  to  change  in  length  due 
to  some  treatment  to  which  they  may  be  submitted,  and  this  usually  altogether 
outweighs  any  change  that  may  result  from  regular  molecular  alteration.  For 
instance,  slight  jars  in  handling  may  result  in  molecular  changes,  or  even  in 
small  kinks  or  twists  in  the  tape,  which  may  be  accompanied  by  alterations  in 
length."  Prof.  Glazebrook  also  strongly  recommends  that  tapes  used  in 
measuring  Geodetic  Survey  base  lines  should  be  compared  with  the  standards 
before,  during  and  after  the  measuring  of  the  base.  This  seems  the  only  method 
to  pursue  if  the  work  is  to  have  the  required  degree  of  accuracy.  The  errors 
coming  from  outside  sources  as  injury  to  tapes  are  likely  to  be  far  larger  than 
any  errors  of  observation.  In  the  report  of  the  United  States  Coast  and  Geodetic 
Survey  for  1900  the  following  directions  regarding  tapes  were  given:  '^You  will 
standardize  each  tape  .  .  .  on  a  hundred  metre  comparator.  The  length  of 
the  comparator  to  be  found  by  measuring  it  with  an  iced  bar  ...  In  com- 
puting the  lengths  of  the  tapes  the  length  of  the  comparator  shall  not  be  assumed 
constant,  but  will  be  assumed  to  be  that  given  by  the  measurement  with  iced 
bar  by  means  of  the  last  preceeding  and  first  following  measurements."  This 
is  the  practice  which  it  is  the  intention  of  the  Geodetic  Survey  of  Canada  to 
follow,  and  will  insure  the  length  of  our  base  lines  accurate  to  a  very  high  degree. 
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TABLE  1 

DETERMINATION  OF  LENGTH  OF  5-METRE  BAR  FROM  STANDARD  NICKEL  BAR 

NO.  10239 
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TABLE  \— Continued 

DETERMINATION  OF  LENGTH  OF  5-METRE  BAR  FROM  STANDARD  NICKEL  BAR 
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-93S-1 
-1 

'  -8 

-  -5 
1-6 

1379-8 

2067-62 

-1560-6 

Metres 
5-0001345 

M 

440-4 

-628-5 

-  -7 

Metres 
4-9999457 

1372- 1 
1986-7 
2171-8 
1634-6 
947-3 

949-9 
1637-8 
2180-4 
1989-8 
1788-5 

943-85 
942-5 

932-1 
930-7 

5  0001345 

443-7 

-627-3 

-  -7 

4-9999502 

1637-9 
2181-2 
1989-3 
1790-1 
1828-1 

2064-1 

-1558-0 

Mean 

4-9999490 

TABLE  2 


DETERMINATION  OF  LENGTH  OF  COMPARATOR  FROM  5-METRE  BAR 


Date 

Time 

Temp. 
C. 

Microm. 
5-metre  Bar 

Readings 
Cut-off 

lOLengths 
of 

5-metre 
Bar 

Microm.  Corr. 

Length  of* 
Com- 
parator 

South 

North 

South 

North 

Bar 

Cut-off 

1917 

a.m. 

Metres 

M 

M 

Metres 

May  9 

11.45 

11 

69 

1 

200-0 

2,871 

5 

1,643-6 

1,469-1 

49 

999490 

1,263 

132 

50-000888 

12.10 

1 

214-5 

2,871 

5 

49 

999490 

1,252 

132 

50-000874 

Mean 

50-000880 

May  9 

p.m. 

4,27 

12 

5 

1 

287-0 

3,006 

0 

1,643-6 

1,469-1 

49 

999490 

1,299 

132 

50-000921 

4.55 

1 

281-0 

3,006 

0 

49 

999490 

1,304 

132 

50-000926 

Mean 

50-000924 

a.m. 

May  10 

10.49 

11 

8 

1 

200-0 

2,893 

0 

1,649-4 

1,467-9 

49 

999490 

1,279 

137 

50-000906 

11.24 

11 

8 

1 

494-0 

2,893 

0 

49 

999490 

1,284 

137 

50-000911 

Mean 

50  000909 

May  10 

p.m. 
3.25 

11 

9 

1 

200-0 

2,857 

0 

1,645-9 

1,471-3 

49 

999490 

1,251 

132 

50-000873 

3.53 

11 

9 

1 

198-5 

2,857 

0 

49 

999490 

1,252 

132 

50-000874 

Mean 

50  000874 

May  11 

a.m. 
10.47 

9 

4 

1 

200  0 

2,842 

5 

1,647-0 

1,468-7 

49 

999490 

1,241 

135 

50-000866 

11.15 

9 

4 

1 

227-5 

2,842 

5 

49 

999490 

1,220 

135 

50  000845 

p.m. 

Mean 

50  000856 

May  11  

2.57 

10 

3 

1 

200-0 

2,874 

5 

1,647-0 

1,468-7 

49 

999490 

1,265 

135 

50-000890 

3.27 

10 

3 

1 

228-5 

2,874 

5 

49 

999490 

1,244 

135 

50-000869 

Mean 

50  000879 

Standards,  1917.  15 

TABLE  3 


DETERMINATION  OF  LENGTH  OF  TAPE  4252  FROM  5-METRE  BAR 


Date. 

Tape 

Time 

Temp. 
C. 

- 

Sout 

^icrom. 

Readings 

Length 

of 
Com- 
parator 

Corrections 

Length 
of 

Tape  at 
16° -5  C. 

'ape 

Gut-off 

Mierom . 

Temp. 

h 

North 

South 

North 

Tape 

Cut-off 

1917 



a. 

m. 



Metres 

M 

Metres 

May 

9.  , . 

4252 

9 

39 

11 

71 

1565 

8 

1944 

4 

1643 

6 

1469 

1 

50  0008,59 

_ 

285 



132 

154 

50 

000596 

(< 

9..  . 

4252 

9 

58 

11 

5511941 

9 

2343 

8 

1643 

6 

1469 

1 

50  000863 

_ 

303 

_ 

132 

159 

50 

000587 

n 

9. . . 

4252 

10 

28 

11 

4612025 

3 

2397 

1 

1643 

6 

1469 

1 

50-000866 

— 

280 

— 

132 

162 

50 

000616 

It 

9..  . 

4252 

12 

34 

11 

69,1614 

1 

2053 

6 

1643 

6 

1469 

1 

50  000885 

— 

332 

_ 

132 

155 

50 

000576 

9.. . 

4252 

3 

04 

12 

49 

1832 

0 

2253 

6 

1643 

6 

1469 

1 

.50- 000910 

— 

319 

— 

132 

129 

50 

000.588 

9. . . 

4252 

3 

32 

12 

55 

2148 

3 

2556 

3 

1643 

6 

1469 

1 

50  000914 

_ 

308 

_ 

132 

127 

50 

UUOoUl 

9. . . 

4252 

5 

19 

12 

56 

1596 

0 

1977 

5 

1643 

6 

1469 

1 

oO- 000931 

— 

288 

_ 

132 

127 

50 

000638 

May 

10. . . 

4252 

n 
y 

40 

11 

69 

1707 

1 

2115 

8 

1649 

4 

1467 

9 

50  000920 

309 

137 

155 

50 

000629 

10. . . 

4252 

9 

57 

11 

72 

1753 

1 

2130 

1 

1649 

4 

1467 

9 

50  0009 19 

- 

285 

- 

137 

154 

50 

000651 

10... 

4252 

11 

56 

11 

7111890 

5 

2222 

2 

1649 

4 

1467 

9 

50  000903 

251 

137 

1.54 

50 

000669 

(< 

10. .  . 

4252 

12 

19 

11 

7711695 

9 

2103 

6 

1649 

4 

1467 

9 

50-000900 

308 

137 

152 

50 

000607 

10.. . 

4252 

2 

15 

11 

87 

1593 

1 

1943 

4 

1645 

9 

1471 

3 

50-000885 

265 

132 

148 

50 

000636 

10. . . 

4252 

2 

45 

11 

90 

1594 

8 

2031 

3 

1645 

9 

1471 

3 

50-000881 

330 

132 

147 

50 

000566 

10... 

4252 

2 

55 

11 

87 

1706 

2148 

7 

1645 

9 

1471 

3 

50-000880 

I 

334 

132 

148 

50 

000562 

<< 

10. .  . 

4252 

4 

26 

11 

75 

1730 

0 

2126 

4 

1645 

9 

1471 

3 

50-000868 

300 

132 

152 

50 

000588 

May 

11.. . 

4252 

9 

40 

9 

08 

1140 

1 

1582 

2 

1647 

0 

1468 

7 

50-000849 

334 

1.35 

239 

50 

000619 

11... 

4252 

9 

56 

9 

39 

2022 

5 

2436 

2 

1647 

0 

1468 

7 

50-000850 

312 

135 

229 

50 

000632 

11.. . 

4252 

11 

58 

9 

9S 

2039 

9 

2506 

5 

1647 

0 

1468 

7 

50  000861 

I 

353 

1.35 

210 

50 

000583 

11. . . 

4252 

12 

15 

9 

99 

1775 

1 

2246 

7 

1647 

0 

1468 

7 

50-000862 

356 

135 

210 

50 

000581 

(< 

11. . . 

4252 

2 

03 

10 

16 

1766 

0 

2218 

3 

1647 

0 

1468 

7 

50-000873 

342 

135 

204 

50 

000600 

11. . . 

4252 

2 

23 

10 

16 

1606 

7 

2038 

6 

1647 

0 

1468 

7 

50-000875 

326 

135 

204 

50 

000618 

u 

11.. 

4252 

3 

55 

10 

30 

1870 

2 

2348 

6 

1647 

0 

1468 

50-000883 

361 

135 

199 

50 

000586 

11.. . 

4252 

4 

10 

10 

46 

1747 

1 

2258 

7 

1647 

0 

1468 

7 

50-000884 

387 

135 

194 

50 

000556 

Mean 

50 

000604 

TABLE  4. 

DETERMINATION  OF  LENGTH  OF  TAPE  3141  FROM  5-METRE  BAR. 


Date 

Tape 

Time 

Temp. 
C. 

Microm. 

Readings 

Length 

of 
Com- 
parators 

Corrections 

Length 
of 

Tape  at 
16°-5C. 

Tape 

C 

ut-off 

T 

Micrc 

)m. 

Jt-Off 

Temp. 

South 

North 

South 

North 

ape 

C 

1917 

a.m. 

3 

Metres. 

Metres 

May  9.... 

3141 

9.50 

11 

564 

1922  0 

2346 

7 

1643 

6 

1469 

1 

50-000860 

321 

132 

315 

50-000722 

3141 

10.13 

11 

47 

2316-4 

2766 

2 

1643 

6 

1469 

1 

50-000864 

340 

132 

321 

50-000713 

« 

3141 

10.38 

11 

44 

2011-1 

2453 

3 

1643 

6 

1469 

1 

50-000868 

334 

132 

323 

50  000725 

3141 

10.45 

11 

72 

1470-8 

1888 

2 

1643 

6 

1469 

1 

50,000887 

315 

132 

3Q5 

50-000745 

3141 

3.15 

12 

51 

1974-1 

2429 

6 

1643 

6 

1469 

1 

50-000911 

344 

132 

255 

50  000690 

3141 

3.43 

12 

54 

2149-9 

2552 

9 

1643 

6 

1469 

1 

.50-000915 

305 

132 

253 

50  000731 

3141 

5.29 

12 

555 

1852-9 

2218 

0 

1643 

6 

1469 

1 

50-000932 

276 

132 

252 

50-000776 

May  10. .  . 

3141 

9.50 

11 

691 

1753-1 

2183 

9 

1649 

4 

1467 

9 

50-000919 

326 

137 

307 

50,000763 

"  10... 

3141 

10.08 

11 

70 

1498-6 

1965 

5 

1649 

4 

1467 

9 

50-000917 

354 

137 

306 

50-000732 

"  10... 

3141 

12.05 

11 

83 

1591-1 

2021 

2 

1649 

4 

1467 

9 

50-000901 

325 

137 

298 

50-000737 

"  10... 

3141 

12.10 

11 

87 

1543-1 

1945 

4 

1649 

4 

1467 

0 

50-000901 

304 

137 

295 

50-000755 

"  10... 

3141 

2.25 

11 

873 

1570-9 

2062 

0 

1645 

9 

1471 

3 

50-000883 

371 

132 

296 

50  000676 

"  10.. 

3141 

2.30 

11 

90 

1527-2 

2028 

2 

1645 

9 

1471 

Q 

50, 000882 

380 

132 

293 

50  000663 

"  ,  10. . . 

3141 

4.35 

11 

77 

1805-9 

2213 

6 

1645 

9 

1471 

3 

50-000865 

312 

132 

302 

.50-000723 

May  11. .  . 

3141 

9.49 

9 

26 

1560-2 

2173 

3 

1647 

0 

1468 

7 

50-000850 

461 

135 

464 

50-000718 

"  11... 

3141 

10.05 

9 

47 

1879-8 

2438 

6 

1647 

0 

1468 

7 

50-000851 

422 

135 

450 

,50-000744 

"  11... 

3141 

11.46 

9 

93 

1815-4 

2318 

2 

1647 

0 

1468 

50  000860 

379 

1,35 

420 

50-000766 

"  11... 

3141 

12.05 

9 

97 

1935-6 

2519 

3 

1647 

0 

1468 

7 

.50-000862 

440 

135 

4  IS 

50  000705 

"  11... 

3141 

2.11 

10 

14 

1557-2 

2106 

1 

1647 

0 

1468 

50-000873 

415 

135 

408 

,50  000731 

"  11... 

3141 

2.30 

10 

34 

1523-6 

2038 

5 

1647 

0 

1468 

7 

50  000875 

389 

1,35 

395 

50  000746 

"  11... 

3141 

4,05 

10 

42 

1806-7 

2351 

1 

1647 

0 

1468 

7 

50-000884 

412 

135 

390 

50-000727 

"  11... 

3141 

4.20 

10 

47 

1671-8 

2190 

0 

1647 

0 

1468 

7 

50  000885 

393 

135 

386 

50-000743 

Mean 

.50-000729 

16 
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TABLE  5. 

DEDUCED  LENGTH  OF  COMPARATOR  FROM  REFERENCE  TAPES  4252  AND  3141 


Ref- 
erence 
Tape 


Time 


4252 
3141 
4252 


4252 
3141 
4252 


4252 
3141 
4252 


4252 
3141 
4252 
4252 


4252 
3141 


4252 
3141 
3141 


4252 
3141 
4252 


4252 
3141 
3141 


4252 
3141 


4252 
3141 


4252 
3141 


4252 
3141 


4252 
3141 


a.m. 

10.03 
10.24 
11.30 
10.39 

2.53 
3.07 
3.55 
3.18 

9.55 
10.20 
11. 
10.37 

2.25 
2.35 
3.45 
4.05 
3.17 

11.36 
11.59 
11.43 

2.12 
2.25 
5.10 
3.16 

10,45 
10.58 
11.50 
11.11 

11.28 
11-38 
11  50 
11.39 

4.15 
4.24 
.4.20 


Temp. 
C. 


11.43 
11.54 
11.49 

4.04 
4.16 
4.10 

9.48 
9.59 
9.53 

3.43 
3.54 
3.49 


6-37 
6-42 
6-49 


2042-7 
1601  0 
1938-7 


7-59 
7-61 
7-59 


5-62 
5-72 
5-98 


5-  99 

6-  12 
6-24 
6-24 


9-87 
9-88 


10-2 
10-4 
10-7 


7-46 
7-52 
7-52 


7-54 
7-53 


6-76 
6-82 


7-30 
7-37 


6-  89 

7-  01 


Microm.  Reading.? 


Tape 


Cut-off 


South  North  South  North 


2.355-2 
1915-2 
1825  1 


1962-3 
1416-3 
1903-6 


1931-9 
1896-2 
2124-4 
2332 


1962-8 
2079-1 


1956 

2124-3 

2110 


1892-1 
1956-9 
2147 


1920-1 
1651-1 
1453-7 


2.532-0 
2303-6 
2382-1 


2722-5 
2458  - 1 
2196-6 


2472-3 
2160-2 
2385-7 


2391-2 
2648-8 
2613-6 
2834 


2403-4 
2.5,54- 


2.379-4 
2555-3 
2548- 


2437-9 
2.586-4 
2-558-4 


2.368-9 
2323 • 6 
2176-3 


1877-9 
1774-3 


2364-5 
2464 


1868-3 
1806-0 


1982-7 
2150-2 


1898-5 
1731-8 


7-  93 

8-  02 


1867-8 
1708-5 


2399-2 
2555- 


2521 
2788-5 


1648-5 
1648-5 
1648-5 


1648-5 
1648-5 
1648-5 


1645-2 
1645-2 
1645-2 


1645 
1645 
1645-2 
1645-2 


16.58 
1658-9 


1658-9 

1658 

1658-9 


1656- 
1656- 
1656- 


1663- 
1663- 
1663- 


1663-1 
1663-1 


1460-5 
1460-5 
1460-5 


1460-5 
1460-5 
1460-5 


1461-6 
1461-6 
1461 


1461 
1461 
1461-6 
1461-6 


1460- 
1460- 


1460- 
1460- 
1460- 


1463-7 
1463-7 
1463-7 


1460- 

1460-9 

1460- 


1460-9 
1460 


1663-6  1466-8 
1663-6  1466-8 


1663-6 
1663-6 


2370-2 
2455-0 


2318-1 
2284-7 


1665-0 
1665  0 


1665  0 
1665-0 


1466-8 
1466 


Length 
of 

Tape  at 
16^-5  C. 


Metres. 

50  000604 
50  000729 
50  000604 


50-000604 
50  000729 
50-000604 


Corrections 


Microm. 


Tape  Cut-off 


370 
531 
335 


50-000604 
50-000729 
50  000604 


50  000604 
50-000729 
50  000604 
50  000604 


.50-000604 
50-000729 


50  000604 
50  000729 
50  000729 


50  000604 
50-000729 
50  000604 


50-000604 
50-000729 
.50-000729 


50-000604 
50-000729 


^0-000604 
50-000729 


50-000604 
50-000729 


1468  0 
1468  0 


1468  0 
1468-0 


50-000604 
50-000729 


278 
410 
281 


385 
562 
364 


347 
569 
370 
379 


333 
359 


317 

326 
331 


411 
475 
310 


339 
508 
546 


368 
522 


401 
567 


40 
482 


50  000604 
50  000729 


356 
546 


340 
435 


142 
142 
142 


142 
142 
142 


139 
139 
139 


139 
139 
139 
139 


150 
150 


1-50 
150 
150 


146 
146 
146 


1.53 
153 
153 


153 
153 


149 
149 


Temp. 


149 
149 


149 
149 


149 
149 


327 
649 
323 


288 
572 
288 


351 
695 
340 


339 
668 
331 
331 


214 
424 


203 
390 
371 


262 
516 
255 


292  50  000804 
577  50-000813 
577  50-000815 
50-000823 


289 
577 


314 
623 


297 
587 


310 
611 


27 
545 


Standards,  1917. 


TABLE  6 


DETERMINATION  OF  LENGTH  OF  TAPE  3140  DEDUCED  FROM  REFERENCE 

TAPES  3141  AND  4252 


Date 

Tape 

Time 

Temp. 
C. 

Microm. 

Readings 

Liengtn 

of 
Com- 
parator 

Corrections 

T  *U 

Ijengtn. 
of 

Tape  at 
\^ , 

10  •  J 

Tape 

Cut-off 

M  icrom . 

J.  emp. 

South 

North 

South 

North 

Tape 

Cut-off 

1017 

a.m. 

0 

JVletros 

M 

M 

M  etrcs 

April  25. . 

3140 

10.50 

6 

41 

1205-9 

2429-0 

1648-5 

1460-5 

50-000765 

-  924 

-  142 

651 

50-000350 

"  25.. 

3140 

3.22 

7 

64 

1579-3 

2761-4 

1648-5 

1460-5 

50-000728 

-  893 

-  142 

577 

50  000270 

26.. 

3140 

10.35 

5 

73 

1-549-1 

2829-8 

1645-2 

1461-6 

50-000760 

-  968 

-  139 

697 

50-000350 

"      26.  . 

3140 

10.50 

5 

84 

1386-4 

2666-0 

1645-2 

1461-6 

50-000760 

-  967 

-  139 

690 

50-000344 

"  26.. 

3140 

2.55 

6 

09 

1823-5 

3136-1 

1645-2 

1461-6 

50-000772 

-  992 

-  139 

674 

50-000315 

"      30. . 

3140 

2.50 

10 

35 

1555-1 

2596-7 

1658-9 

1460-7 

50-000844 

-  987 

-  150 

395 

50-000302 

May  1.. 

3140 

11.15 

8 

56 

1525-9 

2737-1 

1656-3 

1463-7 

50-000846 

-  915 

-  146 

510 

50-000295 

2.  . 

3140 

4.37 

7 

47 

1296-9 

2577-2 

1663-1 

1460-9 

50-000832 

-  967 

-  153 

582 

50-000294 

3.. 

3140 

12.05 

6 

90 

1212-1 

2511-6 

1663-6 

1466-8 

50-000830 

-  982 

-  149 

619 

.50-000318 

3. . 

3140 

4.25 

7 

40 

1664-3 

2558-9 

1663-6 

1466-8 

50-000818 

-  978 

-  149 

586 

50-000278 

4. . 

3140 

10.08 

6 

98 

1254-6 

2504-5 

1665-0 

1468-0 

50  000806 

-  944 

-  149 

613 

50-000326 

4.  . 

3140 

4.25 

7 

99 

1334-4 

2555-6 

1665-0 

1468-0 

50-000792 

-  923 

-  149 

548 

50-000268 

Mean 

50-000309 

TABLE  7 


DETERMINATION  OF  LENGTH  OF  TAPE  3139  DEDUCED  FROM  REFERENCE 

TAPES  3141  AND  4252 


Date 

Tape 

a.m. 

Time 

Temp. 
C. 

Microm. 

Readings 

Length 

of 
Com- 
parator 

Corrections 

Length 
of 

Tape  at 
C. 
16° -5 

Tape 

Cut-off 

Microm. 

Temp. 

South 

North 

South 

North 

Tape 

Cut-off 

1917 

o 

Metres 

M 

M 

Metres 

April  25. . 

3139 

11.15 

6 

50 

1069-1 

3059 

5 

1648-5 

1460-5 

50-000762 

- 1504 

142 

640 

49-999756 

"  25.. 

3139 

3.05 

7 

60 

845-8 

2742 

5 

1648-5 

1460-5 

50-000727 

- 1433 

142 

567 

49-999719 

"      26. . 

3139 

11.23 

5 

98 

900-7 

2971 

6 

1645-2 

1461-6 

50-000761 

- 1565 

139 

671 

49-999728 

"  26.. 

3139 

3.05 

6 

11 

U80-9 

3176 

1 

1645-2 

1461-6 

50-000773 

-1508 

139 

663 

49-999789 

"     30. . 

3139 

3.05 

10 

41 

884-6 

2696 

3 

16.58-9 

1460-7 

50-000841 

-1369 

150 

388 

49-999710 

May  1.. 

3139 

11.25 

8 

56 

1042-9 

2918 

8 

16.56-3 

1463-7 

50-000846 

-1417 

146 

506 

49-999789 

2.  . 

3139 

4.50 

7 

49 

833-5 

2837 

0 

1663-1 

1460-9 

50-000833 

-1514 

153 

574 

49-999740 

3. . 

3139 

12.15 

6 

90 

995-2 

3013 

0 

1663-6 

1466-8 

50-000830 

- 1525 

149 

613 

49-999769 

3. . 

3139 

4.35 

7 

37 

1096-1 

3027 

7 

1663-6 

1466-8 

50-000818 

- 1460 

149 

582 

49-999791 

4. . 

3139 

10.19 

7 

04 

982-4 

2943 

1 

1665-0 

1468-0 

50-000806 

- 1482 

149 

604 

49-999779 

4. . 

3139 

4.13 

8 

01 

916-8 

2803 

4 

1665-0 

1468-0 

50-000792 

-1426 

149- 

540 

49-999757 

Mean 

49-999757 

A"n'  1  5  Xl2Q 
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TABLE 


DETERMINATION  OF  LENGTH  OF  TAPE  13814  DEDUCED  FROM 

TAPES  3141  AND  4252 


REFERENCE 


Date 

Tape 

Time 

Temp. 
C. 

Microm. 

Readings 

i-jengtn 

of 
Com- 
parator 

Corrections 

T  +U 

i-iengtn 

OI 

Tape  at 
C. 

16°. 05 

Tape 

Cut-off 

Microm. 

Temp. 

South 

North 

South 

North 

Tape 

Cut-off 

1917 

p.m. 

Metres 

M 

M 

Metres 

April  26. . 

13814 

3.35 

6- 15 

1772-8 

2472-6 

1645-2 

1461-6 

50  000773 

-  529 

-  139 

424 

50  000529 

May  1 . . . 

13814 

11.39 

8-64 

1816-1 

2546-2 

1656-3 

1463-7 

50-000846 

-  552 

-  146 

322 

50-000470 

"  2... 

13814 

5.02 

7-43 

1823-5 

2620-9 

1663-1 

1460-9 

50-000832 

-  603 

-  150 

372 

50-000451 

"  3... 

13814 

4.43 

7-37 

1790-6 

2567-0 

1663-6 

1466-8 

50-000817 

-  587 

-  149 

374 

50-000455 

"  4... 

13814 

10.27 

7-06 

1646  0 

2428-1 

1665-0 

1468-0 

50  000806 

-  591 

-  149 

385 

50-000451 

"  4.. 

13814 

4.25 

8-07 

1599-4 

2348-0 

1665-0 

1468-0 

50-000792 

-  566 

-  149 

346 

50-000423 

Mean 

50  000463 

TABLE  9 

DETERMINATION  OF  LENGTH  OF  5-METRE  BAR  FROM  STANDARD  NICKEL  BAR 

NO.  10239 

LENGTH  OF  NICKEL  BAR  =  1  0000269  METRES 


Date 
and 
Time 


1917 

Sept.  27... 
a.m. 
11.28 


2.50 

3.45 

Sept.  28... 
10.00 

Sept.  28... 
10.52 


II 
V 
III 
IV 
V 
VI 

II 

V 

III 

IV 
V 
VI 

VI 
V 
IV 

III 

V 

II 
II 

V 

III 

IV 
V 
VI 

VI 
V 
IV 

III 

V 

II 


1-metre  Bar 


SouthNorth  S-N 


1499-8  

1503 -41504 • 
2327-52324- 

2295 -  72296 • 
1888-71887- 
 2122- 

1507-5  

1850-71854- 
2326-02322 

2296-  12292' 
1028-910.30 
 2125' 

2122 
1003-91004 
2298-32299 
2321-12320 
1054-61052 
1499-5. .  .  . 

1506-3. . . . 
1077  01077 
2334-92332 
2303-72302 
1729-51727 
 2131 

 2118 

1819-51818 
2.300-22300 
2332-32330 
1458-21457 
1506-6. . . . 


-1481-4 
•7 

-  30-0 

•8 

-  14-0 
1601-7 

-1489-0 
3-6 

-  35-0 

-  4-0 
1-4 

1604-2 

1601-8 


-  1-9 
-1481- 1 

-1487-8 
•1 

-  2-8 


-  1-2 

-  1-6 
1608-6 

1599-3 

-  10 

-0 

-  2-0 

-  8-0 
-1488-1 


5-metre  Bar 

5  Lengths 
of 

Corrections 

Length 
of 

5-metre 
Bar. 

South 

North 

S-N 

1-metreBar 

bs-bn 

Bs-Br 

Sector 

1504-6 

M 

1486-1 

Metres 
5  00001345 

M 

117-4 

-303-8 

M 

1-3 

Metres 
4-9999494 

2371-3 

-1789-9 
1484-3 

1502-8 

5-00001345 

112-7 

-303-7 

1-5 

4-9999450 

2368-9 
2373-2 

-1788-0 
-1791-3 

5  00001345 

119-5 

-303-8 

1-2 

4-9999504 

1506-5 
1504-1 

1487-5 
1485-6 

5  00001345 

115-3 

-295-7 

1-7 

4-9999558 

2360-0 
2355-5 

-1781-3 
-1778-0 

5-00001345 

107-4 

-290  0 

•6 

4-9999525 

1506-5 

1488  0 

Standards,  1917. 
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TABLE  Concluded 

DETERMINATION  OF  LENGTH  OF  5-METRE  BAR  FROM  STANDARD  NICKEL  BAR 


NO.  10239 

Date 
and 
Time 

CO 

a 

o 

o 
tn 
O 

1-metre  Bar 

5-metre  Bar 

5  Lengths 
of 

I-metreBar 

Correotions 

Length 
of 

5-metre 
Bar. 

South 

North 

S-N 

South 

North 

S-N 



Metres 
5-00001345 

Ixs-bn 

Bs-Br 

Sector 

1917 

Sept.  28... 
a.m. 
11.30 

2.25 

Sept.  28... 
4.00 

Sept.  29... 
9.30 

10.25 

II 

V 

III 

IV 
V 
VI 

VI 
V 
IV 

III 

V 

II 
II 

V 

III 

IV 
V 
VI 

VI 
V 
IV 

III 

V 

II 
II 

V 

III 

IV 
V 
VI 

VI 
y 

IV 
III 
V 
II 

11 

V 

III 

IV 
V 
VI 

1503  0 

14o4 • O 
2324-0 
2284  -  0 
1561-3 

-1484-5 

-  -1 

-  3-2 
2-8 

-5 

1593-5 

1605-8 

-  -4 

-  3-1 

•6 

-  1-5 
-1492-0 

-lOUl - o 

-  23-0 

2-6 

-  6-7 
■  2-0 

1605-8 

1607-0 
2-1 
2-4 

-  10 
2-7 

-1505-5 

-1485-8 

-  1-8 
1-4 
1-3 

iou± - / 

14'50  -  Z 

1  ni  n 
luJ  ■  U 

M 

— zsy-4 

0 
-  0 

Metres 
4  •  9999549 

1454-4 
2320-8 
2286 -S 
1561-8 
2111-2 

2127-5 

10/ o -  / 

2305-6 

ZooS -  6 

1683-3 

ZoOZ -  4 
0'?7'3  n 

1 775;  a 

—  Li  / 0  •  0 

1  7n  1  n 

—  1  /  y  1  -  y 

5-00001345 

LuJ  •  4 

—  Zt)0  •  6 

0 
-  0 

4-9999480 

1579-1 
2308-7 
2337-7 
1684-8 
1509-6 

1520-0 

iOoi - Z 

2335-3 

Z6\}\)  ■  0 

1280-0 

ioio-z 

149o- 6 
1497-7 

5-00001345 

100- 1 

—  290-5 

2-0 

4-9999443 

1678-9 
2338-0 
2.302-8 
1282-0 
2127-5 

2129-0 

1 7/1  c;  A 

2305-0 
Zo6 1 • y 
1589-0 

Z  iu'J  •  1 

23  J  3  •  0 

1  TOO  '  r, 

— 1788  -  2 
— 1791 • 1 

5-00001345 

107-7 

—  Zi)6  ■  6 

0 
•  0 

4-9999497 

1742-9 
2302-6 
2338-9 
1586-2 
1524-2 

1503-3 

iooo -  0 

2320-0 
2286-5 
1508-5 

1010  -  0 

1497-8 
1486-9 

5-00001345 

104-7 

—  Z\)6  ■  6 

0 
•0 

4-9999467 

1566-7 

2321-  4 

2287-  8 
1509-8 

2104-  2 

2105-  6 
1105-5 

2288-  8 

2322-  5 
1383-3 

1588-  3 

1589-  3 
-9 

-  6-0 

1-  5 

-  3-4 
-1485-4 

-1485-4 

-  -4 

2-  4 
1-5 

-  2-5 
1586-8 

2358-5 
2358-6 

-1780-2 
-1780-3 

5-00001345 

102-4 

-234-0 

•6 

4-9999435 

1104-6 
2289-4 
2321-0 
1386-8 
1503-9 

1503-9 
1381-1 
2319-3 
2280-8 
1805-8 

1 

1504-7 
1503-0 

1486-3 
1484-6 

5-00001345 

102-4 

-290-0 

-6 

4-9999475 

1380-7 
2321-7 
2282-3 
1803  -  2 
2102-3 

2351  1 

-1774-6 

Mean 

4-9999499 
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TABLE  10, 

LENGTH  OF  COMPARATOR  FROM  5-METRE  BAR. 


Date 

Time 

Microm. 
•  Bar- 

Readings 

Cut-off 

10  Lgths. 
of 

5-metre 
Bar. 

Microm. 
Corrections 

Length 

of 
Com- 
parator 

South 

North 

South 

North 

Bar 

Cut-off 

1917. 

p.m. 



Metres 

M 

M 

Metres 

Sept.  21  

3.37 

548  0 

2800-0 

1664-5 

1366-5 

49-999499 

1702 

220 

50-001421 

4.03 

548-0 

2759  -  0 

1664-5 

1366- 5 

49-999499 

1678 

220 

50-001392 

Mean 

50-001407 

"  22  

2.04 

692  0 

2800  0 

1663-9 

1368-0 

49-999499 

1593 

226 

50-001318 

2.38 

2792-5 

1663  -  9 

1368-0 

49-999499 

1587 

226 

50  0013 12 

Mean 

50-001315 

"  22  

3.37 

673  0 

2800  0 

1663-9 

1368  0 

49-999499 

1607 

226 

50-001332 

4.02 

D/O-U 

2795-5 

1663-9 

iDOo • U 

49-999499 

1604 

226 

50-001329 

Mean 

50-001331 

"  24  

1.58 

897-5 

2800-0 

1686-1 

1370-5 

49-999499 

1438 

241 

50-001178 

2.38 

897-5 

2791-0 

1686-1 

1370-5 

49-999499 

1430 

241 

50- 001170 

Mean 

C  A    f\f\ t  -fJ  A 

50- 001174 

"  24  

3.46 

835-6 

2800-0 

1686-1 

1370-5 

49-999499 

1484 

241 

50- 001224 

4.11 

835-6 

2798-0 

1686-1 

1370-5 

49-999499 

1482 

241 

50-001222 

Mean 

50-001223 

"  25  

1.42 

796-5 

2800  0 

1676-7 

1371-9 

49-999499 

1514 

233 

50-001246 

2.05 

796-5 

2756-5 

1676-7 

1371-9 

49-999499 

1488 

233 

50-001213 

Mean 

50-001229 

"  25  

3.21 

804-5 

2800-0 

1676-7 

1371-9 

49-999499 

1508 

233 

50- 001240 

3.42 

804-5 

2790-5 

1676-7 

1371-9 

49-999499 

1509 

233 

50- 001233 

Mean 

50  00123  6 

DETERMINATION 


TABLE  11 
OF  LENGTH  OF  TAPE  4252 


FROM  5-METRE  BAR. 


Date 


1917 
Sept.  21. 
"  21. 
"  21. 
"  21 


Sept.  22. 
"  22. 


Sept.  24. 
"  24. 
"  24. 
"  24 
"  24. 
"  24. 


S^pt.  25. 
"  25. 
"  25 
25 

"  25. 
"  25. 


Tape 


4252 
4252 
4252 
4252 


4252 
4252 
4252 
4252 
4252 
4252 


4252 
4252 
4252 
4252 
4252 
4252 


4252 
4252 
4252 
4252 
4252, 
4252 


Time 


p.m. 
4.42 
4.51 
4.58 
5.05 


1.26 
1.32 
3.11 
3.18 
4.36 
4.42 


1.27 
1.32 
3.12 
3.18 
4.35 
4.42 


2.36 
2.41 
2.46 
2.50 
2.56 
3.01 


Temp. 
C. 


16-57 
16-57 
16-56 
16-56 


15-03 
15-15 
15-20 
15-18 
15-16 
15-15 


14-23 
14-23 
14-64 
14-64 
14-76 
14-76 


14-46 
14-46 
14-46 
14-46 
14-46 
14-46 


Microm.  Readings 


Tape 


South  North 


1539-3 
1391-7 
1769-5 
1604-9 


1063-4 
1066-8 
1823-3 
1645-4 
1906-7 
1613-1 


1916 
2064 
1365 
1571 
1584 
1521 


1443 

1778 

1840-6 

1664-7 

1760-4 

1946-6 


2325-9 
2240-8 
2581-9 
2373-0 


1876-0 
1813-5 
2615-3 
2441-8 
2679-4 
2420-1 


2569-1 
2703-0 
2011-4 
2214-6 
2231-3 
2179-7 


1985-9 
2376-2 
2421-1 
2237-3 
2347-5 
2533-8 


Cut-off 


South  North 


1664.6 


1663- 


1686  1 


1676-7 


Mean  determination  of  tape  4252. 


1366-5 


1368-0 


1370-5 


1371-9 


Length 

of 
Com- 
parator 


Metres 
50  001407 
50-001407 
50  001407 
50  001407 


50-001323 
50-001323 
50  001323 
50-001323 
50  001323 
50  001323 


50-001198 
50-001198 
50  001 198 
50  001 198 
50  001 198 
50-001198 


50-001232 
50  001232 
50  001232 
50  001232 
50  001232 
50  001232 


Corrections 


Microm. 


Tape  Cut-off 


594 
642 
614 
580 


614 
564 
598 
602 
584 
610 

493 
482 
488 
486 
489 
498 


440 
451 
439 
433 
444 
444 


220 
220 
220 
220 


226 
226 
226 
226 
226 
226 


241 
241 
241 
241 
241 
241 


233 
233 
233 
233 
233 
233 


Temp. 


2 
2 
2 
2 

Mean 

47 
43 
42 
42 
43 
43 
Mean 

73 
73 
60 
60 
.  56 
56 
Mean 

65 
65 
65 
65 
65 
65 
Mean 


Length 
of 

Tape  at 
16° -5  C. 


Metres 
50-000591 
50-000543 
50  000571 
50-000605 
50  000578 

50  000531 
50  000576 
50  0005*1 
50-000537 
50  000556 
50  000530 
50  000545 

50-000537 
50  000548 
50-000529 
50-000531 
50-000524 
50-000515 
50-000531 

50  000624 
50  0006 13 
50  000625 
50  000631 
50-000620 
50-00062S 
50  000622 
50  000569 


Standards,  1917. 

TABLE  12 

DEDUCED  LENGTH  OF  COMPARATOR  FROM  REFERENCE  TAPE  4252 


21 


Refer- 
ence 
Tape 


4252 
4252 


4252 
4252 
4252 


4252 
4252 
4252 
4252 


4252 
4252 
4252 
4252 


Time 


10.36 
11.37 


10.28 
11.22 
11.58 


9.16 
10.47 
11.25 
12.02 


9.05 
9.51 
10.50 
11.29 


Temp. 
C. 


16  05 
16-20 


14-67 
14-84 
14-89 


13  14 
13-45 
13-59 
13-83 


13-30 
13-49 
13-68 
13-84 


Microm.  Readings 


Tape 


South  North 


1548- 
1776-4 


1725-3 
1985-4 
1326-0 


1726-4 
1819-7 
1798-5 
1668-7 


1718-6 
1496-2 
1672-6 
1586-0 


2371-5 
2371-5 


2514-8 
2796-6 
2157-3 


2459-4 
2471-4 
2521-6 
2284-7 


2396-2 
2178-5 
2372-1 
2222-0 


Cut-off 


South  North 


1671-4 


1674-8 


1683-3 


1686-7 


1303-7 


1373-2 


1372-0 


1373-3 


Length 
of 

Tape  at 
16° -5  C. 


Metres 

50  000569 
50  000569 


50  000569 
50-000569 
50  000569 


50-000569 
50-000569 
50  000569 
50-000569 


50-000569 
50-000569 
50-000589 
50-000569 


Corrections 


Mi 


Tape  Cut-off 


622 
612 


597 
613 
627 


554 
492 
554 
465 


512 
516 
528 
481 


232 
232 


228 
228 
228 


235 
235 
235 
235 


Temp. 


237  - 


237 
237 
237 


14 
10 
Mean 

59 
53 
52 
Mean 

-  108 
98 
93 
85 

Mean 


Mt 


102 

96 
90 
85 


Length 

of 
Com- 
parator 


Metres 

50-001409 
50-001403 
50  001406 

50-001.335 
50-0013.57 
50-001372 
50-001355 

50-001250 
50-001198 
50-001265 
50-001184 
50- 001224 

50-001216 
50- 001226 
50- 001244 
50-001202 
50  00 1222 


TABLE  13 

DETERMINATION  OF  LENGTH  OF  TAPE  3141  DEDUCED  FROM  REFERENCE  TAPE  4252 


Tape 


3141 
3141 

3141 
3141 

3141 
3141 
3141 

3141 
3141 
3141 


10.57 
11.55 

10.38 
11.32 

9.35 
10.53 
11.32 

9.13 
10.21 
11.00 


Temp. 
C. 


16-13 
16-24 

14-69 
14-81 

13-25 
13-51 
13-61 

13-34 
13-54 
13-71 


Microm.  Readings 


Tape 


South  North 


1612-6 
1716-6 

1828-9 
2089-0 

1944-8 
1387-7 
1785-1 

1708-4 
1788-7 
1578-7 


2425-0 
2490-2 

2643-6 
2848-9 

2701-8 
2172-6 
2458-3 

2474-0 
2500-3 
2337-6 


Cut-off 


South  North 


1671-4 


1674- 


1683  2 


1686-7 


1363-7 


1373-2 


1372  0 


1373-3 


Length 

of 
Com- 
parator 

Corrections 

Length 
of 

Tape  at 
16° -5  C. 

Microm. 

Temp. 

Tape 

Cut-off 

Metres 

M 

M 

M 

Metres 

50  001406 
50-001406 

-  613 

-  584 

-  232 

-  232 

23 
17 

50-000584 
50-000597 

50-001355 
50-001355 

-  616 

-  574 

-  228 

-  228 

115 
107 

50-000626 
50-000660 

50-001224 
50-001224 
50-001224 

-  572 

-  593 

-  503 

-  235 

-  235 

-  235 

206 
190 
184 

50-000623 
50-000586 
50-000664 

50-001222 
50  001222 
50-001222 

-  578 

-  538 

-  573 

-  237 

-  237 

-  237 

201 
188 
177 
Mean 

50  000608 
50-000635 
50-000589 
50-000617 
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TABLE  14 

DETERMINATION  OF  LENGTH  OF  TAPE  3140  DEDUCED  FROM  REFERENCE  TAPE  4252 


Date 

Tape 

1917 

Sept.  21.  . 

3140 

Sept.  22  . 

"  22,. 

3140 
3140 

Sept.  24.  . 

"  24.. 
"  24.. 

3140 
3140 
3140 

Sept.  25.  . 
"      25. . 
"      25.  . 

3140 
3140 
3140 

Time 

Temp. 
C. 

a.m. 

o 

11.12 

16  04 

10.49 
11.40 

14-73 
14-84 

10.18 
11.00 
11  40 

13-44 
13-54 
13-63 

9.21 
10.28 
11.07 

13 -.38 
13-59 
13-75 

Microin.  Readings 


Tape 


South  North 


1083-1 

1198-4 
1495-4 

1331-2 
1479-4 
1002- 1 

1124-1 
923-7 
1892-5 


2406-3 

2603 • 2 
2854-5 

2879-9 
2696-7 
2326-0 

2400 

2200-7 

2928-1 


Cut-off 


South  North 


1671-4 
1674-8 


1683-2 


1686-7 


1363-7 
1.373-2 


1372-0 


1373-3 


Length 

of 
C'om- 
parator 


Metre  .s 

50-001406 

50-001355 
50  001355 

50-001224 
50-001224 
50-001224 

50-001222 
50-001222 
50  001222 


Corrections 


Mi 


Tape  Cut-off 


M 

1000 

1061 
1027 

1019 

■  927 
■1000 

-  965 

■  965 

-  930 


-  232 

-  228 

-  228 

-  235 

-  235 

-  235 

-  237 

-  237 

-  237 


Temp. 


29 

112 
105 

194 
188 
182 

198 
185 
175 

Mean 


Length 
of 

Tape  at 
16^-5  C. 


Metres 

50-000203 

50-000178 
50  000205 

50-000164 
50  000250 
50-000171 

50-000218 
50  000205 
50  0902.30 
50  000203 


TABLE  15 

DETERMINATION  OF  LENGTH  OF  TAPE  3139  DEDUCED  FROM  REFERENCE  TAPE  4252 


Length 
of 

Corrections 

Length 
of 

Tape  at 
16° -5  C. 

Com- 
parator 

Microm. 

Temp. 

Tape 

Cut-off 

Metres 

M 

M 

Metres 

50-001406 

-1491 

-  232 

19 

49-999702 

50-001355 
50-001355 

-1635 
-1512 

-  228 

-  228 

113 

95 

49-999605 
49-999710 

50  001224 
50-001224 
50001224 

- 1482 
-1442 
-1469 

-  235 

-  235 

-  235 

194 
185 
179 

49-999701 
49-999732 
49-999699 

50-001222 
50  001222 
50-001222 

- 1468 
9  1555 
-1492 

-  237 

-  237 

-  237 

193 
181 
171 
Mean 

49-999710 
49-999611 
49-999664 
49-999682 

Tape 


Time 


Temp. 
C. 


Microm.  Readings 


Tape 
South  North 


Cut-off 


South  North 


3139 

3139 
3139 

3139 
3139 
3139 

3139 
3139 
3139 


a.m. 

10.26 

10.58 
11.48 

10.28 
11.08 
11.48 

9.29 
10.38 
11.14 


16-20 

14-70 
14-99 

13-42 
13-56 
13-66 

13-43 
13-62 
13-78 


836-6 

883-8 
924-3 

1028-1 
1019-5 
1059-8 

782-4 
957-8 
901-8 


2S24-6 

3047-5 
2925-8 

2)89-5 
2927-9 
3003-7 

2715-5 
3015-9 
2^76-2 


1671-4 
1674-8 


1363-7 
1373-2 


1683-2 


1372-0 


1686- 


1373-3 


TABLE  16 


DETERMINATION    OF  LENGTH 


OF    TAPE  13814 
TAPE  4252 


DEDUCED    FROM  REFERENCE 


Date 

Tape 

Time 

1917 

a.m. 

Sept.  24 

24.. 
"  24.. 

13814 
.  13814 
13814 

10.38 
11.13 
11.55 

Sept.  25  . 
"      25  . 
"      25  . 

13814 
13814 
13814 

9.38 
10.44 
11.22 

Temp. 

c:. 


13-39 
13-57 
13-74 

13-46 
13-65 
13-81 


Microm.  Readings 


Tape 


South  North 


1717-3 
14.54-3 
1438-4 

1342  0 
1792- 1 
1270-1 


2895-5 
2431-8 
2355-7 

2234-3 
2742  3 
2202-3 


Cut-off 
South  North 


1683-2 


16S6-7 


1372-0 


1373-3 


Length 

of 
( 'om- 
parator 


Metres 

50-001224 
50-001224 
50  001224 


Corrections 


Mi 


Tape  Cut-off 


739 
738 
693 


50-001222  -  69' 
50-001222  -  718 
50  001222j-  700 


-  235 

-  235 

-  235 

-  237 

-  237 

-  1X7 


Temp. 


Length 
of 

Tape  at 
16° -5  C. 


131 
123 
116 


Metres 

50  000381 
50-000374 
50  0004 12 


125  50000416 
1201  50  000387 
113i  50-000396 
Mean  i  50  000394 


Standards,  1917 , 
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TABLE  17 

LENGTH  OF  COMPARATOR  FROM  5-METRE  BAR 


Date 


Til 


Microm.  Readings 


5-metre  Bar 


Cut-off 


South     North    South  North 


10  Lengths 
of 

5-metreBar 


Correction 


Microm. 


Bar  C;ut-off 


1917 

Nov.  2  

"  2  

Nov.  2  

"  2  

Nov.  3  

"  3  


10.15 
10.53 


2.00 
3.25 


9.30 
10.40 


800-0 
814-5 


800  0 
762-5 


800-0 
802-0 


2330-0 
2330-0 


2298-0 
2298-0 


2329-0 
2329-0 


1695-5 


1348- 


1682-8 


1348- 


Metres 

49-999499 
49-999499 


49-999499 
49-999499 


1680-5 


1344-8  49-999499 
49-999499 


1156 
1145 


1132 
1160 


1155 
1154 


262 
262 
Mean 

252 
252 
Mean 

254 
254 
Mean 


TABLE  18 

DETERMINATION  OF  LENGTH  OF  TAPE  4252  FROM  5-METRE  BAR 


Date 

Tape 

1917 

Nov.  2.... 

4252 

"  2... 

4252 

"  2... 

4252 

"  2... 

4252 

"  2... 

4252 

"  2... 

4252 

"  2... 

4252 

"  2... 

4252 

"  2... 

4252 

"  2... 

4252 

"  2... 

4252 

"  2... 

4252 

Mar.  3.... 

4252 

"  3... 

4252 

3... 

4252 

3... 

4252 

"  3... 

4252 

"  3... 

4252 

Time 


Temp. 
C. 


Microm.  Readings 


Tape 


South  North 


Cut-off 


South  North 


Length 

of 
Com- 
parator 


Corrections 


Mi 


Tape  Cut-off 


Temp 


10.57 
11.04 
11.08 
11.13 
11.16 
11.20 


2.40 
2.48 
2.52 
2.58 
3.05 
3.13 


9.55 
10.00 
10.04 
10.10 
10.14 
10.20 


5-51 
5-51 
5-51 
5-51 
5-51 
5-51 


5-31 
5-31 
5-31 
5-31 
5-31 
5-31 


1245-2 
1584-8 
1715-7 
1779-3 
1813-0 
1786 


1477-6 
1589-0 
1738-3 
1675-3 

1646-  1 

1647-  2 


1439-2 
1584-3 
1614-5 
1662-0 
1606-3 
1680-3 


1826-0 
2183-2 
2261-2 
2382-6 
2399-2 
2386- 


2070-1 
2128-0 
2279-1 
2285-0 
2213-4 
2207-9 


2007-8 
2136-2 
2199-6 
2227-0 
2144-6 
2237-5 


1695-5 


1348-9 


1  682-4 


1348- 


1682-4 


1348-9 


1680-5 


1344- 


Metres 

50-000912 
50  000912 
50-000912 
50-000912 
50-000912 
50-000912 


50-000897 
50-000897 
50-000897 
50-000897 
50-000897 
50-000897 


50-000908 
50-000908 
50-000908 
50  000908 
50-000908 
50-000908 


-4.39 
■452 
-412 
-456 
-443 
-453 


■448 
-407 
■409 
-415 
-429 
■403 


-430 
-417 
-442 
■427 
■445 
-421 


-262 
-262 
-262 
-262 
-262 
-262 


252 
252 
252 
252 
252 
252 


■254 
■254 
254 
254 
254 
254 


363 
363 
362 
362 
361 
361 
Mean. 

357 
357 
357 
357 
357 
357 
Mean. 

363 
363 
363 
363 
363 
363 
Mean 


Mean  determination  of  tape  4252 


50-000580 
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TABLE  19. 

DEDUCED  LENGTH  OF  COMPARATOR  FROM  REFERENCE  TAPE  4252 


Date 


Refer- 
ence 
Tape 


Time 


Temp. 
C. 


Microm.  Readings 


Tape 


South  North 


Cut-off 


South  North 


Length 
of 

Tape  at 
16°-5 

Corrections 

Length 

of 
Com- 
parator 

Microm. 

Tape 

Cut-off 

Temp. 

Metres 

M 

M 

M 

Metres 

50-000580 
50-000580 
50  000580 
50  000580 

^<  o 

431 
4.36 
384 

263 
263 
263 

-  408 

-  404 

-  398 

-  392 
"  Mean 

50-000908 
50-000870 
50-000881 
50-000835 
50-000898 

50-000580 
50-000.580 
50-000.580 
50-000580 

450 
426 
381 
394 

270 
270 
270 
270 

-  386 

-  383 

-  383 

-  384 
Mean 

50-000914 
50-000893 
50-000848 
.50-000860 
50-000879 

50-000580 
50-000580 
50-000580 
50-000580 

432 
397 
426 
430 

270 
270 
270 
270 

-  420 

-  412 

-  412 

-  412 
Mean 

50-000852 
50-000835 
50-000864 
50-000868 
50-000855 

50-000580 
50  000.580 
50-000580 
50-000580 

429 
451 
421 
399 

263 
263 
263 
263 

-  409 

-  401 

-  402 

-  403 
Mean 

50-000863 
.50-000893 
50  000862 
50-000839 
50-000864 

1917 

Nov.  5. 

"  5. 
"  5. 
"  5. 


Nov.  5. 
"  5. 
"  5. 
"  5. 


Nov.  6. 
"  6. 
"  6. 
"  6. 


Nov.  6. 
"  6. 
"  6. 


4252 
4252 
4252 
4252 


4252 
4252 
4252 
4252 


4252 
4252 
4252 
4252 


4252 
4252 
4252 
4252 


a.m. 

9.22 
10.16 
11.09 
11.45 


2.14 
2.54 
3.30 
4.05 


9.20 
10.00 
10.35 
11.11 


l.,32 
2.10 
2.47 
3.27 


3-  93 

4-  04 
4-23 
4-43 


4-60 
4-69 
4-71 
4-67 


3-63 
3-81 
3-81 
3-80 


3-  91 

4-  15 
4-10 
4-08 


1475-4 
1897-9 
1472-2 
1913-2 


1045-1 
2017-9 
1763-3 
1979-0 


1326-7 
1340-9 
1684-2 
1421-4 


1386-0 
1813-7 
1374-0 
1945-3 


2101-2 
2468-3 
2048-8 
2421-5 


1640-8 
2.582-3 
2267-9 
2500-9 


1897-9 
1865-7 
2248-6 
1990-9 


1954-4 
2411-2 
1931-6 
2473-0 


1689-3 


1341-7 


1696-7 


1340  0 


1701-6 


1344-8 


1697- 


1349-4 


TABLE  20 

DETERMINATION  OF  LENGTH  OF  TAPE  3141  DEDUCED  FROM  REFERENCE  TAPE  4252. 


Date 


Tape 


Time 


Temp. 
C. 


Microm.  Readings 


Tape 


South  North 


Cut-of? 


South  Notrh 


Length 

of 
Com- 
parators 


Corrections 


Mi 


Tape  Cut-off 


Temp. 


Length 
of 

Tape  at 
16°-5  C. 


1917 

Nov.  5. 
"  5. 
"  5. 


"  5. 
"  5. 
"  5. 


Nov.  6. 
"  6. 


3141 
3141 
3141 


3141 
3141 
3141 


3141 
3141 
3141 

3141 
3141 
3141 


9.30 
10.39 
11.19 


2.20 
3.00 
3.35 


9.29 
10.08 
10.45 

1.40 
2.18 
2.54 


3-  93 

4-  13 
4-27 


4-62 
4- 
4-70 


3-67 
3-81 
3-81 


1200-3 
1219-2 
1635-2 


1583-1 
1494-8 
1782-3 


1815-0 
1044-5 
1564-9 

1474-3 
1499-3 
1649-0 


2233-2 
2388-3 
2701-2 


2672-4 
2487-8 
2835-6 


2886-8 
2134-3 
2625-9 

2512-9 
2548-1 
2666-2 


1689-3 


1341-7 


1696-7 


1340-0 


1701-6 


1344- 


1697-7 


1349-4 


Metres 

50-000898 
50-000898 
50  000898 


50-000879 
50-000879 
50  000879 


50-000855 
50-000855 
50-000855 


50-000864 
50-000864 
50-000864 


855 
883 
805 


823 
750 
796 


810 
823 
802 


785 
792 
769 


263 
263 
263 


270 
270 
270 


270 
270 
270 


263 
263 


Mean  determination  of  tape  3141. 


M  . 

813 
800 
790 
Mean 


763 
762 
Mean 

831 
821 
821 
Mean 

812 
800 
802 
Mean 


Metres 

50-000593 
50-000552 
50-000620 
50-000588 

50-000553 
50-000622 
50-000575 
50-000583 

50-000606 
50-000593 
50-000562 
50-000587 

50-000628 
50-000609 
50-000634 
50-000624 
50  000596 


Standards,  1917. 
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TABLE  21 

DETERMINATION  OF  LENGTH  OF  TAPE  3140  FROM  REFERENCE 

TAPE  4252. 


Tape 


Time 


Temp. 
C. 


Microm.  Readings. 


Tape 


Cut-off 


South  North  South  North 


Length 

of 
Com- 
parators 


Corrections 


Microm. 


Tape  Cut-off 


Temp. 


Length 
of 

Tape  at 
16°-5  (J. 


3140 
3140 
3140 


3140 
3140 
3140 


3140 
3140 
3140 


3140 
3140 
3140 


a.m. 

9.39 
19.45 
11.25 


2.27 
3.05 
3.42 


9.38 
10.14 
10.50 


1.49 
2.27 
3.02 


3-  93 
415 

4-  31 


4-64 
4-70 
4-69 


3-70 
3-81 
3-81 


719-5 
1185-8 
1329-4 


946-6 
1275-6 
1170-7 


1408-7 
1241-0 
972  0 


1138-8 
1283-2 
1101-4 


2373-0 
2722-7 
2866-9 


2530-9 
2803-9 
27110 


2816-5 
2847-7 
2553-0 


2659-2 
2837-6 
2651-9 


1689-3 


1341-7 


1696-7 


1340  0 


1701-6 


1344-7 


1697-7 


1349-4 


Metres 

50-000898 
50-000898 
50-000898 


50-000879 
50-000879 
50-000879 


50-000855 
50-000855 
50-000855 


50-000864 
50-000864 
50-000864 


1242 
1161 
1162 


1197 
1155 
1164 


1253 
1214 
1195 


1149 
1175 
1172 


263 
263 
263 


270 
270 
270 


270 
270 
270 


263 
263 
263 


Mean  determination  of  tape  3140. 


816 
802 
791 
Mean 

766 
762 
763 
Mean 

832 
825 
825 
Mean 

811 
803 
805 
Mean 


Metres 

50-000209 
50  000276 
50  000264 
50-000250 

50-000178 
50-000216 
50-000208 
50-000201 

50-000164 
50-000196 
50-000215 
50-000192 

50  000263 
50  000229 
50-000234 
50-000242 
50-000221 


TABLE  22 

LENGTH  OF  TAPE  3139  DEDUCED  FROM  REFERENCE  TAPE  4252 


Date 

Tape 

Time 

Temp. 
C. 

Microm. 

Readings 

Length 

of 
Com- 
parator 

Corrections 

Length 
of 

Tape  at 
16° -5  C. 

Tape 

Cut-off 

Microm. 

Temp. 

South 

North 

South 

North 

Tape 

Cut-off 

1917 

a.m. 

0 

Metres 

J" 

M 

Metres 

Nov.  5... 

3139 

9.46 

3-94 

477 

0 

2847 

1 

1689-3 

1341-7 

50 

000898 

-1791 

263 

808 

49 

999652 

"  5... 

3139 

10.54 

4-17 

446 

1 

2815 

3 

50 

000898 

-1790 

263 

793 

49 

999638 

"  5... 

3139 

11.32 

4-35 

526 

5 

2832 

5 

50 

000898 

-1742 

263 

781 

49 

999674 

Mean 

49 

999655 

Nov.  5.. . 

3139 

2.35 

4-65 

597 

8 

2881 

9 

1696-7 

1340-0 

50 

000879 

-1726 

270 

761 

49 

999644 

"  5... 

3139 

3.12 

4-70 

699 

4 

2977 

3 

50 

000879 

-1721 

270 

758 

49 

999646 

"  5... 

3139 

3.48 

4-68 

850 

0 

3160 

8 

50 

000879 

-1746 

270 

759 

49 

999622 

Mean 

49 

999637 

Nov.  6. . . 

3139 

9.45 

3-74 

707 

2 

3050 

3 

1701-6 

1344-7 

50 

000855 

-1770 

270 

820 

49 

999635 

"  6... 

3139 

10.20 

3-81 

614 

8 

2986 

1 

50 

000855 

-1792 

270 

824 

49 

999617 

"  6... 

3139 

10.58 

3-80 

570 

6 

2899 

9 

50 

000855 

-1760 

270 

823 

49 

999648 

Mean 

49 

999633 

Nov.  6. . . 

3139 

1.56 

4-05 

693 

6 

2982 

0 

1697-7 

1349-4 

50 

000864 

-1729 

263 

799 

49 

999671 

"  6... 

3139 

2.33 

4-12 

636 

8 

2870 

2 

50 

000864 

-1763 

263 

795 

49 

999633 

"  6... 

3139 

3.10 

4-09 

647 

6 

2998 

7 

50 

000864 

-1776 

263 

797 

49 

999622 

Mean 

49 

999642 

Mean  determination  of  tape  3139 

49 

999642 
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TABLE  23 

LENGTH  OF  TAPE  13814  DEDUCED  FROM  REFERENCE  TAPE  4252 


Tape 


13814 
13814 
13814 


13814 
13814 
13814 


13814 
13814 
13814 


13814 
13814 
13814 


10.03 
11.02 
11.39 

p.m. 
2.40 
3.20 
3.55 

a.m. 
9.52 
10.27 
11.03 

p.m. 
2.04 
2.40 
3.20 


Temp. 
C. 


3-  94 

4-  20 
4-39 


4-67 
4-71 
4-67 


3-78 
3-81 
3-80 


Microm.  Readings 


Tape      I  Cut-off 


South  North  South  North 


1279-3 
1755-2 
1436-4 


1425-6 
2138-9 
1576-9 


1325-9 
1687-6 
1145-6 


1439-3 
1779-7 
1250-4 


2182-3 
2650-1 
2282-9 


2323-4 
3000-6 
2432-1 


2236-2 
25.56-0 
2035-8 


1689-3 


1696-7 


1701-6 


2295  1  1697-7 
2634-0 
2098-6 


Mean  determination  of  tape  13814. 


1341-7 


1340-0 


1344-7 


1349-4 


Length 

of 
Com- 
parator 


Metres 


50 

50  000898 
50-000898 


50-000879 
50  000879 
50-000879 


50-000855 
50-000855 
50-000855 


50-000864 
50  000864 
50-000864 


Corrections 


Microm. 


Tape  Cut-off 


682 
676 
640 


678 
650 
645 


656 
673 


647 
646 
641 


263 
263 
263 


270 
270 
270 


270 
270 
270 


263 
263 
263 


Temp. 


528 
517 
509 
Mean 

497 
495 
497 
Mean 

534 
533 
533 
Mean 

521 
520 
521 
Mean 


Length 
of 

Tape  at 
16°-5.C. 


Metres 
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50  000475 
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Date 

5-metre  Bar 

Tape  4252 

Tape  3139 

Tape  3140 

Tape  3141 

Tape  13814 

Metres 

Metres 

Metres 

Metres 

Metres 

Metres 

1908  

4-9999464 

July, 

1914  

4-9999503 

50-000382 

49-999525 

50  000004 

50-000510 

50  000067 

Dec,  1914  

4-9999489 

50-000415 

49-999593 

50  0001 19 

50-000600 

50-000118 

June, 

1915  

4-9999507 

50-000446 

49-999612 

50-000154 

50  000615 

50  000231 

Nov., 

1915  

4-9999432 

.50  000393 

49-999612 

50  000142 

50-000579 

50000211 

May, 

1917  

4-9999490 

50  000604 

49-999757 

50  000309 

50-000729 

50  000463 

Sept..  1917  

4-9999499 

50  000569 

49-999682 

50-000203 

50  0006 17 

50  000394 

Nov., 

1917  

50  000580 

49-999642 

50  000221 

50-000596 

50  000464 
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INTRODUCTION. 


This  publication  contains  the  results  of  Precise  Levelling  by  the  Geodetic 
Survey  of  Canada  for  certain  lines  in  the  provinces  of  Ontario  and  Quebec. 
Precise  levelling  results  previously  issued  to  the  public  are  contained  in  six 
'TubUcations  of  the  Dominion  Observatory",  as  follows: — 


and  in  Publication  No.  1  of  the  Geodetic  Survey  of  Canada.  All  the  above 
pubUcations  are  now  in  the  charge  of  the  Superintendent  of  the  Geodetic  Survey 
and  may  be  had  upon  application  to  him. 

The  present  work  is  arranged  in  the  same  general  form  as  the  previous  ones, 
with  the  results  of  the  levelling  set  forth  in  three  tables.  The  index  and  map 
included  herein  are  complete  for  all  the  levelhng  previously  published,  as  well  as 
that  in  the  present  pubUcation;  the  index  indicates  in  which  publication  descrip- 
tions and  elevations  of  bench-marks  previously  published  may  be  found. 

Table  I  indicates  the  routes  followed  between  terminal  points  and  gives 
complete  descriptions  of  all  bench-marks  established  along  these  routes. 

Table  II  shows  in  the  first  two  columns  the  numbers  of  the  bench-marks; 
in  the  third  and  fourth  columns  the  approximate  distance  (in  miles)  between 
'bench-marks,  and  from  the  initial  bench-mark  of  the  line;  the  fifth  and  sixth 
columns  (headed  ''Discrepancy")  give  the  difference  (in  feet)  between  the 
forward  levelling  and  the  backward  levelling  for  each  section  between  bench- 
marks and  the  accumulated  difference  from  the  initial  bench-mark.  The  seventh 
column  gives  the  elevations  of  the  bench-marks  shown  in  the  second  column; 
for  convenience,  these  bench-marks  are  repeated  (in  the  eighth  column)  in  order 
that  the  number  of  any  bench-mark  and  its  elevation  may  be  in  adjoining 
columns.  In  this  table  are  shown  also  the  elevations  determined  by  the  Geodetic 
Survey  of  Canada  for  certain  bench-marks  established  by  other  surveys  and 
connected  with  the  former. 

Table  III  shows  the  elevations  at  railway  stations  and  at  crossings  of  inter- 
secting railways;  also  on  the  bridges  over  rivers  and  lakes  and  the  more  important 
streams.  Rail  elevations  were  in  all  cases  taken  on  top  of  the  rail,  in  front  of 
the  telegraph  office  at  telegraph  stations  and  opposite  the  shelter  or  platform  at 
flag-stations. 

The  results  are  given  for  the  following  lines: — 

1.  Montreal  to  Hull,  Que. 

2.  St.  Martin  Junction  to  Three  Rivers,  Que. 

3.  Grenville,  Que.,  to  Prescott,  Ont. 

4.  Ivanhoe  to  Toronto,  Ont. 

5.  Bethany  to  Port  Hope,  Ont. 

6.  Myrtle  to  Whitby,  Ont. 

7.  North  Toronto  to  Mimico,  Ont. 

Line  1  starts  from  one  of  the  bench-marks  on  the  Montreal  loop-line  (last 
year's  publication)  and  terminates  at  a  previously  established  bench-mark  at 
Hull;  the  closing  error  of  the  circuit  formed  by  the  two  lines  from  Rouse  Point 
to  Hull  is  0-250  foot — the  difference  between  the  two  observed  elevations  for 
the  junction  bench-mark  at  Hull.  In  the  table  of  elevations  given  herewith 
this  closing  error  has  been  distributed  uniformly  along  the  line  between  St. 
.  Martin  Junction  and  Hull  at  the  rate  of  a  little  more  than  •  002  foot  per  mile. 


Vol.  I,  No.  2,  issued  1912* 
Vol.  I,  No.  3,     "  1913 
Vol.  I,  No.  8,     "  1914 


Vol.  II,  No.  1,  issued  1915 
Vol.  Ill,  No.  6,  1916 
Vol.  Ill,  No.  8,     "  1917 


*  Levelling  in  Yukon  Territory  only. 
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Lines  2  and  3  are  branches  from  line  1.  Line  3  closes  on  the  original  Rouse 
Point-Toronto  line  at  Prescott,  having  already  intersected  the  same  line  at  St. 
Polycarpe  Junction  and  the  Finch-Cornwall  Une  at  Cornwall.  The  three  hnks 
thus  formed  have  been  fitted  in  with  the  old  levelling  so  as  to  eliminate  the 
discrepancies  at  the  junction  bench-marks. 

Line  4  completes  the  Kempton-Toronto  line,  the  results  for  which,  as  far 
west  as  Ivanhoe,  were  published  in  1917.  Lines  5  and  6  form  connections 
between  this  and  the  earlier  levelling  along  the  north  shore  of  lake  Ontario. 
Line  7  is  a  short  line  running  through  the  suburbs  of  the  city  of  Toronto;  taken 
in  conjunction  with  the  adjacent  levelhng  done  several  years  previously  it  com- 
pletes a  loop  around  the  western  and  northwestern  portions  of  the  city.  The 
closing  errors  of  Hnes  4,  5,  6  and  7  have  all  been  disposed  of  by  distributing  them 
as  in  line  1. 

The  policy  of  dispersing  the  closing  errors  or  fitting  the  new  levelling  to  the 
old  has  been  adopted  for  this  year's  lines  by  reason  of  the  fact  that  all  the  lines 
(Avith  the  exception  of  No.  2)  form  connections  between  levels  which  were 
previously  well  established  and  had  been  published.  A  proper  accordance  between 
all  the  bench-marks  cannot  be  had  until  an  adjustment  is  made  of  the  entire 
net  in  eastern  Canada,  but  the  levelling  has  now  reached  a  stage  where  it  seems 
better — pending  an  adjustment —  to  eliminate  the  closing  errors  and  avoid  dis- 
cordant elevations  of  junction  bench-marks  with  the  resulting  inconvenience 
to  engineering  projects,  it  being  reasonably  certain  that  such  closing  errors  are 
caused  by  the  ordinary  accidental  and  systematic  errors  in  the  levelling  and  not 
by  any  gross  errors. 

In  Table  II  the  observed  elevation  of  each  junction  bench-mark  has  been 
shown,  as  a  matter  of  interest,  as  well  as  the  adopted  elevation. 

The  standard  bench-mark  consists  of  a  copper  bolt,  three  quarters  of  an 
inch  in  diameter  and  four  inches  long,  stamped  on  the  end  with  the  letters  ''G.S.C., 
B.M."  (Geodetic  Survey  of  Canada,  Bench-Mark).  The  bolt  is  sunk  horizon- 
tally in  rock  or  masonry  so  that  only  the  circular  end  is  visible;  the  number 
of  the  bench-mark  is  stamped  on  this  end  as  well  as  the  letters  mentioned  above, 
and  a  horizontal  chisel  line  is  cut,  upon  which  the  elevation  is  taken.  At  certain 
points  concrete  bench-mark  piers  have  been  built;  these  project  from  six  inches 
to  one  foot  above  the  ground  and  extend  below  the  frost  line;  in  all  piers  built 
previous  to  1917  the  copper  bolt  upon  which  the  elevation  was  taken  was  placed 
horizontally  in  a  side  of  the  pier,  about  nine  inches  below  the  top.  .  In  1917  a 
new  design  was  adopted,  the  bolt  being  placed  vertically  in  the  top  of  the  pier. 
The  description  indicates  in  each  case  the  position  of  the  bolt. 
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TABLE  I 

BENCH-MARKS  BETWEEN  MONTREAL  (MILE  END)  AND  HULL,  QUE.,  VIA  CANADIAN 

PACIFIC  RAILWAY. 

Elevations  on  page  18. 

"Sote. — These  descriptions  are  written  witti  tlie  assumption  that  the  railway  runs  in  a  north- 
westerly direction  from  Mile  End  to  Ste.  Th^r^se,  and  thence  westerly  to  a  point  about  3^ 
miles  from  Hull. 

826  In  square  concrete  culvert  under  Canadian  Pacific  railw^,  1^  miles  northwest  of  Mile  End 

station  and  1,600  feet  northwest  of  north  line  of  Baby  street,  Montreal.  Southeast  end  of 
northeast  face  of  culvert. 

827  In  square  concrete  culvert  under  Grand  Trunk  railway,  immediately  south  of  junction  with 

Canadian  Pacific  railway  at  Jacques  Cartier  Junction  and  at  mileage  8-4  from  Montreal 
(Place  Viger  station).    North  end  of  east  face  of  culvert. 

828  In  long  steel  truss  bridge  over  riviere-des-Prairies,  between  Bordeaux  and  Laval  Rapides,  on 

Canadian  Pacific  railway.  South  retaining  wall,  southeast  end  of  southwest  face,  fourth 
course  of  stonework  below  top. 

829  In  concrete  footing  of  semaphore  beside  Quebec  line  of  Canadian  Pacific  railway,  ah)out  800 

feet  northeast  of  station  house  at  St.  Martin  Junction.  West  face  of  footing  (facing  Montreal- 
Hull  track),  10  inches  below  top. 

830  In  top  of  concrete  bench-mark  pier,  21  miles  northwest  of  St.  Martin  Junction,  200  feet  southeast 

of  mile  post  15  from  Montreal  and  8  feet  northeast  of  southwest  line  of  Canadian  Pacific 
railway  right  of  way.  Also  335  feet  southeast  of  a  pair  of  battery  boxes  connected  with 
electric  block  system. 

831  In  Canadian  Pacific  railway  bridge  over  riviere-des-Milles  lies,  \  mile  northwest  of  Ste.  Rose 

and  at  mileage  17-4  from  Montreal.  South  retaining  wall,  southwest  face,  second  course 
of  stonework  below  top. 

832  In  Roman  Catholic  church  at  Ste.  Therese.    Front  (or  west)  wall,  first  course  of  stonework 

below  water  table  course,  18  inches  from  southwest  corner  of  building. 

833  In  square  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  3  miles  west  of  Ste. 

Therese  and  at  second  telegraph  pole  east  of  mile  post  23  from  Montreal.  East  end  of  north 
face  of  culvert. 

834  In  square  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  1|  miles  east  of  St. 

Augustin  and  at  mileage  25  •  6  from  Montreal.  East  end  of  north  face  of  culvert ,  third  course 
of  stonework  below  top. 

835  In  square  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  1^  miles  west  of  St.  Augustin 

and  at  mileage  28-7  from  Montreal — 250  feet  east  of  St.  Augustin  west  mile  board.  South 
face  of  culvert,  immediately  west  of  water-passage. 

835-A  In  plate  girder  bridge  immediately  west  of  Ste.  Scholastique  station,  on  Canadian  Pacific 
railway.  Concrete  retaining  wall  behind  west  abutment,  north  end  of  east  face,  32  inches 
above  bridge  seat. 

836  In  Roman  Catholic  church  at  Ste.  Scholastique.    Front  (or  south)  wall,  third  course  of  stone- 

work above  water  table  course,  10  feet  from  southeast  corner  of  building. 

837  In  top  of  concrete  bench-mark  pier.  If  miles  west  of  St.  Hermas,  6  feet  south  of  north  line  of 

Canadian  Pacific  railway  right  of  way  and  between  third  and  fourth  telegraph  poles  west 
of  mile  post  39  from  Montreal — 100  feet  east  of  a  farm  crossing. 

838  In  Lachute  post  office.    East  (side)  wall,  first  course  of  stonework  below  water  table  course, 

directly  above  first  basement  window  from  rear  of  building. 

839  Destroyed. 

840  In  west  face  of  small  boulder,  If  miles  west  of  Staynerville,  10  feet  north  of  south  line  of  Canadian 

Pacific  railway  right  of  way  and  at  eleventh  telegraph  pole  west  of  mile  post  50  from  Montreal 
— 150  feet  east  of  west  end  of  first  curve  west  of  Staynerville. 

841  In  square  stone  (double)  culvert  under  Canadian  Pacific  railway,  4-50  feet  east  of  road  crossing 

at  Magnesite  and  at  mileage  54-7  from  Montreal.  West  end  of  south  face  of  coping  on  south 
end  of  culvert. 

842  In  plate  girder  bridge  on  Canadian  Pacific  railway,  ^  mile  east  of  Grenville.    Concrete  retaining 

wall  behind  east  stone  abutment,  north  end  of  west  face,  16  inches  above  bridge  seat. 
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843  In  concrete  arch  culvert  under  Canadian  Pacific  railway,  \  mile  east  of  Grenville  and  at  mileage 

57-15  from  Montreal.    West  end  of  south  face  of  culvert,  14  inches  below  top. 

Note. — For  l>ench-mark  in  Grenville  Roman  Catholic  church  see  line  from  Grenville  to  Prescott. 

844  In  small  stone  and  concrete  culvert  under  Canadian  Pacific  railway.  If  miles  west  of  Calumet 

and  at  mileage  61-2  from  Montreal.    South  face  of  culvert. 

845  In  small  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  \\  miles  east  of  Pointe-au- 

Chene  and  at  mileage  63-6  from  Montreal.    North  face  of  culvert. 

846  In  deck  truss  bridge  over  Little  Salmon  river,  2\  miles  west  of  Pointe-au-Chene  and  at  mileage 

67-2  from  Montreal.  Northeast  retaining  wall,  w^est  end  of  north  face,  first  course  of  stone- 
work below  coping. 

847  In  Fassett  Lumber  company's  office,  directly  opposite  Fassett  station.    East  concrete  foundation 

wall,  10  inches  below  woodwork  and  14  inches  from  southeast  corner  of  building. 

848  In  square  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  \  mile  east  of  Montebello 

and  at  mileage  73-9  from  Montreal.    West  end  of  south  face  of  culvert. 

849  In  stone  and  concrete  arch  culvert  under  Canadian  Pacific  railway,  \  mile  west  of  Montebello  and 

200  feet  east  of  mile  post  75  from  Montreal.  Northeast  retaining  wall,  east  end  of  north 
face,  third  course  of  stonework  below  top. 

850  In  shallow  rock  cut  on  Canadian  Pacific  railway,  \  mile  east  of  Papineauville  station,  220  feet 

west  of  easterly  switch  of  passing  track  and  330  feet  east  of  an  old  stone  culvert.  North 
side  of  cut,  near  centre. 

850-A  In  flat  outcrop  of  rock,  1  mile  west  of  Papineauville  and  1  foot  north  of  north  line  of  Canadian 
Pacific  railway  right  of  way — opposite  three  farm  buildings.  Copper  bolt  set  vertically, 
40  feet  west  of  a  gate  in  right  of  way  fence  and  100  feet  east  of  mile  post  80  from  Montreal. 

851  In  square  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  2\  miles  w^est  of  Papineau- 

ville and  at  mileage  81-4  from  Montreal.  West  abutment,  north  face,  fourth  course  of 
stonework  below  top. 

852  In  small  rock  cut  on  Canadian  Pacific  railway,  1  j  miles  west  of  Plaisance  and  360  feet  west  of  mile 

post  85  from  Montreal — the  second  rock  cut  west  of  bridge  over  Petite  Nation  river.  South 
side  of  cut,  near  east  end. 

852-A  In  large  mass  of  rock,  2  miles  west  of  Plaisance,  450  feet  north  of  north  line  of  Canadian  Pacific 
railway  right  of  way  and  at  mileage  85-7  from  Montreal — directly  behind  an  old  barn. 
West  face  of  rock,  about  35  feet  from  north  end. 

853  In  small  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  3|  miles  east  of  Thurso  and 

at  mileage  86-9  from  Montreal.   East  end  of  north  face  of  culvert. 

854  In  Roman  Catholic  church  at  Thurso.   West  (side)  wall,  54  feet  from  front  of  building  and  about 

2  feet  above  ground. 

855  In  top  of  concrete  bench-mark  pier,  1  mile  west  of  Lochaber  flag-station,  8  feet  south  of  north  line 

of  Canadian  Pacific  railway  right  of  way  and  12  feet  east  of  mile  post  95  from  Montreal — 
about  20  feet  west  of  a  small  stone  culvert. 

856  In  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  1^  miles  east  of  Buckingham  Junction 

and  at  mileage  98-6  from  Montreal.    East  end  of  south  face  of  culvert. 

857  In  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  |  mile  west  of  Buckingham  Junction 

and  at  mileage  100-6  from  Montreal.  West  end  of  north  face  of  culvert,  third  course  of 
stonework  below  top. 

858  In  small  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  h  mile  west  of  Angers  and  at 

mileage  104-2  from  Montreal.    Centre  of  south  face  of  culvert. 

859  In  large  stone  and  concrete  arch  culvert  under  Canadian  Pacific  railway,  2\  miles  west  of  Angers, 

and  at  mileage  106-3  from  Montreal.  North-east  retaining  wall,  east  end  of  north  face, 
fourth  course  of  stonework  below  top. 

860  In  steel  truss  bridge  over  Blanche  river,  1,000  feet  east  of  East  Templeton  station,  on  Canadian 

Pacific  railway.  Southwest  retaining  wall,  south  face,  30  inches  west  of  rear  (or  west  face) 
of  west  abutment  and  in  third  course  of  stonework  below  top. 

861  In  Roman  Catholic  church  at  Sto.  Rose-de-Lima,  about  \  mile  north  of  East  Templeton  station. 

West  wall  of  westerly  transept,  8  feet  6  inches  from  north  wall  and  directly  above  first 
basement  window  north  of  a  small  doorway. 

862  In  small  stone  and  concrete  culvert  under  Canadian  Pacific  railway.  If  miles  east  of  Gatineau 

flag-station  and  at  mileage  112-6  from  Montreal.    North  face  of  culvert. 
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862-A  In  top  of  a  stone  monument,  li  miles  east  of  Gatineau  flag-station,  10  feet  south  of  south  line  o 
Canadian  Pacific  railway  right  of  way  and  at  mileage  113 -1  from  Montreal — 3  feet  west  o 
west  line  of  road  between  lots  22  and  23,  township  of  Templeton. 

863  In  Canadian  Pacific  railway  bridge  over  Gatineau  river,  2|  miles  northeast  of  Hull.    West  face 

of  east  abutment,  6  feet  from  north  end  of  abutment,  and  in  nineteenth  course  of  stonework 
below  top. 

864  In  Roman  Catholic  church  at  Pointe  Gatineau.    West  (side)  wall,  15  feet  from  face  of  buttress 

at  southwest  corner  of  building  and  in  water  table  course  of  stonework. 

462  In  cement  storehouse  at  Canada  Cement  company's  plant  \  \  miles  north  of  Hull,  beside  Canadian 
Pacific  railway.  East  wall  of  storehouse  (a  large  concrete  building),  east  face  of  most  south- 
erly buttress,  1  foot  above  ground  and  95  feet  from  Canadian  Pacific  railway's  Ottawa- 
Maniwaki  track. 


BENCH-MARKS  BETWEEN  ST.  MARTIN  JUNCTION  AND  THREE  RIVERS,  QUE.; 
VIA  CANADIAN  PACIFIC  RAILWAY. 


Elevations  on  page  19. 


684-  B    In  square  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  1,120  feet  southwest  of  Le 

Cap  flag-station  and  at  mileage  0-7  from  St.  Martin  Junction.  Northwest  face  of  culvert, 
9  inches  below  top  and  30  inches  from  side  of  water-passage.  ^ 

685-  B    In  square  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  2i  miles  southwest  of  St. 

Vincent-de-Paul  and  at  mileage  2-6  from  St.  Martin  Junction.  Southeast  face  of  culvert, 
14  inches  below  top  and  8  inches  from  side  of  water-passage. 

686-  B    In  tile  culvert  under  Canadian  Pacific  railway,  i  mile  southwest  of  St.  Vincent-de-Paul  station 

and  at  southwesterly  switch  of  passing-track.   Southeast  concrete  face-wall  of  culvert. 

687-  B    In  Canadian  Pacific  railway  bridge  over  riviere-des-Milles  lies,  between  De  Sales  and  Terre- 

bonne. Stone  retaining  wall  behind  southwest  abutment,  southeast  end  of  northeast  face, 
34  inches  above  bridge  seat. 

688-  B    In  Roman  Catholic  church  at  De  Sales.    Front  (or  north)  wall,  north  face  of  corner  stone  at  north- 

west corner  of  building,  first  course  above  water  table  course. 

689-  B    In  Roman  Catholic  church  at  Mascouche.    Front  (or  east)  wall,  4  feet  from  southeast  corner  of 

building  and  in  first  course  of  stonework  below  water  table  course. 

690-  B    In  small  plate  girder  bridge  on  Canadian  Pacific  railway,  Ij  miles  northeast  of  Mascouche  and 

at  mileage  15  -  5  from  St.  Martin  Junction.  Stone  retaining  wall  behind  southwest  abutment, 
southeast  face,  second  course  below  coping. 

691-  B    In  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  1,200  feet  northeast  of  Cabane 

Ronde  flag-station  and  at  mileage  17-5  from  St.  Martin  Junction.  Northeast  end  of  north- 
west face  of  culvert,  13  inches  below  top. 

692-  B    In  concrete  arch  culvert  under  Canadian  Pacific  raihvay,  H  miles  southwest  of  L'Epiphanie  and 

at  mileage  21-3  from  St.  Martin  Junction.  Northeast  end  of  southeast  face  of  culvert,  1 
foot  below  top. 

693-  B    In  Roman  Catholic  church  at  L'Epiphanie.    Front  (or  south)  wall,  30  inches  from  east  side  of 

buttress  at  southwest  corner  of  building  and  in  water  table  course  of  stonework. 

694-  B    In  plate  girder  bridge  over  St.  Esprit  river,  1|  miles  northeast  of  L'Epiphanie  and  at  mileage  24-5 

from  St.  Martin  Junction.  Stone  retaining  wall  behind  northeast  abutment,  northwest  end 
of  southwest  face,  third  course  above  bridge  seat. 

695-  B   In  steel  truss  bridge  over  L'Assomption  river,  1  mile  southwest  of  Vaucluse  flag-station.  Stone 

retaining  wall  behind  southwest  abutment,  southeast  end  of  northeast  face,  second  course 
above  bridge  seat. 

696-  B   In  square  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  2  miles  northeast  of  Lavaltrie 

and  at  mileage  32-4  from  St.  Martin  Junction.  Northeast  end  of  northwest  face  of  culvert, 
8  inches  below  top. 

697-  B    In  square  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  1,200  feet  northeast  of  Lan- 

oraie  station.   Southwest  end  of  southeast  face  of  culvert,  8  inches  below  top. 

698-  B   In  plate  girder  bridge  over  Chaloupe  river,  1  mile  southwest  of  Berthier  Junction  and  at  mileag 

42-9  from  St.  Martin  Junction,  Stone  retaining  wall  behind  northeast  abutment,  northwe 
end  of  southwest  face,  second  course  beloAv  concrete  coping. 

56^88— 3§ 
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.699-B  In  large  square  stone  and  concrete  culvert  under  C^anadian  Pacific  railway,  \\  miles  southweat 
of  St.  Cuthbert  and  at  mile  post  46  from  St.  Martin  Junction.  Southeast  face  of  culvert, 
38  inches  below  top  and  15  inches  from  side  of  water-passage. 

700-B  In  plate  girder  bridge  over  Chicot  river,  800  feet  southwest  of  St.  Cuthbert  station.  Stone  re- 
taining wall  behind  northeast  abutment,  northwest  end  of  southwest  face,  second  course 
above  bridge  seat. 

7D1-B  In  square  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  2  miles  southwest  of  St 
Barthelemi  and  at  mileage  50-2  from  St.  Martin  Junction.  Southwest  end  of  southeast 
face  of  culvert,  1  foot  below  top. 

702-  B   In  small  plate  girder  bridge  on  Canadian  Pacific  railway,  1  mile  northeast  of  St.  Barthelemi  and 

at  mileage  53-2  from  St.  Martin  Junction.  Southwest  abutment,  northwest  face,  first  course 
of  stonework  below  bridge  seat. 

703-  B    In  Canadian  Pacific  railway  bridge  over  Maskinonge  river,  1,000  feet  southwest  of  Maskinong6 

station.  Stone  and  concrete  retaining  wall  behind  southwest  abutment,  southeast  end  of 
northeast  face,  4  feet  8  inches  above  bridge  seat. 

704-  B    In  Roman  Catholic  church  at  Maskinonge.    Front  (or  east)  wall,  4  feet  from  southeast  corner  of 

building  and  in  water  table  course  of  stonework. 

705-  B    In  post  office  at  Louiseville.    Front  wall,  11  feet  6  inches  west  of  west  wall  of  clock  tower,  in  cap 

stone  over  a  basement  window. 

706-  B    In  Canadian  Pacific  railway  bridge  over  riviere-du-Loup,  \  mile  northeast  of  Louiseville  station. 

Stone  retaining  wall  behind  northeast  abutment,  northwest  end  of  southwest  face,  third 
course  above  bridge  seat. 

707-  B    In  square  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  2  miles  southwest  of  Ya- 

machiche  and  at  mileage  65-4  from  St.  Martin  Junction.  Southwest  end  of  southeast  face 
of  culvert,  9  inches  below  top. 

708-  B    In  Roman  Catholic  church  at  Yamachiche.   Front  (or  north)  wall,  4  feet  from  northeast  corner 

of  building  and  in  second  course  of  stonework  above  concrete  floor  of  portico. 

709-  B    In  plate  girder  bridge  over  Yamachiche  river,  1^  miles  northeast  of  Yamachiche  and  at  mileage 

68-8  from  St.  Martin  Junction.  Stone  and  concrete  retaining  wall  behind  northeast  abut- 
ment, northwest  end  of  southwest  face,  second  course  above  bridge  seat. 

710-  B    In  plate  girder  bridge  on  Canadian  Pacific  railway,  3  miles  southwest  of  Pointe-du-Lac  and  at 

mileage  71  -4  from  St.  Martin  Junction.  Stone  and  concrete  retaining  wall  behind  southwest 
abutment,  southeast  end  of  northeast  face,  42  inches  above  bridge  seat. 

711-  B    In  plate  girder  bridge  on  Canadian  Pacific  railway,  \  mile  southw^est  of  Pointe-du-Lac  and  at 

mile  post  74  from  St.  Martin  Junction.  Stone  retaining  wall  behind  southwest  abutment, 
southeast  end  of  northeast  face,  second  course  above  bridge  seat. 

712-  B    In  square  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  4  miles  southwest  of  Three 

Rivers  and  at  mileage  78-4  from  St.  Martin  Junction.  Northeast  end  of  northwest  face  of 
culvert,  6  inches  below  top. 

713-  B  In  Le  Jeune  street  steel  bridge  over  Canadian  Pacific  railway,  \  mile  south  of  Three  Rivers  station. 

The  bench  mark  is  in  the  square  concrete  pier  whi^^h  is  at  the  south  side  of  the  bridge  and 
between  main  line  track  and  Grand  Mere  branch;  it  faces  the  former  track  and  is  about 
2  feet  above  ground. 

714-  B    In  library  immediately  behind  and  connected  with  Roman  Catholic  cathedral  at  Three  Rivers. 

West  (side)  wall,  40  inches  south  of  Royale  street  wall  and  in  third  course  of  stonework 
below  water  table  course. 

71o-B  In  post  office  at  Three  Rivers.  West  (side)  wall,  second  course  of  stonework  below  water  table 
course,  5  feet  south  of  wall  facing  Notre  Dame  street  and  12  feet  north  of  side  entrance  to 
Inland  Revenue  offices. 

7i6-B  In  armoury  at  Three  Rivers.  Front  wall — facing  St.  Francois-Xavier  street;  third  course  of 
stonework  below  brickwork,  between  second  and  third  basement  windows  south  of  main 
entrance. 

BENCH  MARKS  BETWEEN  GRENVILLE,  QUE.,  AND  PRESCOTT.  ONT..  VIA  CANADIAN 
NORTHERN  RAILWAY  TO  HAWKESBURY,  GRAND  TRUNK  RAILWAY  TO  ST. 
POLYCARPE  JUNCTION,  CANADIAN  PACIFIC  RAILWAY  TO  CORNWALL,  AND 
GRAND  TRUNK  RAILWAY  TO  PRESCOTT. 

Elevations  on  page  SO. 

Note— These  descriptions  are  written  with  the  assumption  that  the  railways  run  in  a 
southerly  direction  from  Grenville  to  Glen  Robertson,  thence  southeasterly  to  St.  Polycarpe 
Junction,  thence  southwesterly  to  Cornwall,  and  thence  westerly  to  Prescott. 

805  In  Roman  Catholic  church  at  CJrenville.  Ea.st  (side)  wall,  13  feet  south  of  south  wall  of  transept 
and  in  water  table  course  of  stonework. 
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866  In  Canadian  Northern  railway  bridge  over  Grenvillc  canal,  immediately  north  of  bridge  over 

Ottawa  river  between  Grenville  and  Hawkesbury.  Stone  retaining  wall  behind  north 
abutment,  east  end  of  south  face,  second  course  above  bridge  seat. 

867  In  Main  street  subway  under  Canadian  Northern  railway  in  the  town  of  Hawkesbury.  North 

concrete  abutment  of  subway,  centre  of  south  face,  about  2  feet  above  street  level. 

868  In  Roman  Catholic  church  at  Hawkesbury.    East  wall  of  main  tower  (at  northeast  corner  of 

church),  8  feet  from  south  wall  of  tower  and  in  second  course  of  stonework  below  water 
table  course. 

869  In  post  office  at  Hawkesbury.    Front  wall,  second  course  of  stonework  below  brickwork,  2  feet 

west  of  west  wall  of  vestibule  at  easterly  entrance. 

870  In  southwest  face  of  large  boulder,  4  miles  south  of  Hawkesbury,  135  feet  east  of  east  line  of  Grand 

Trunk  railway  right  of  way,  300  feet  north  of  mile  post  17  from  Glen  Robertson  and  440 
feet  north  of  private  crossing  leading  to  house  and  barns  of  T.  Sproule. 

871  In  square  concrete  culvert  under  Canadian  Pacific  railway,  0-4  mile  east  of  Grand  Trunk  railway 

diamond  crossing  near  Vankleek  Hill  and  at  mileage  32-8  from  Vaudreuil.  West  end  of 
south  face  of  culvert. 

872  In  flat  mass  of  rock,  2  miles  south  of  Vankleek  Hill,  21  feet  east  of  west  line  of  Grand  Trunk  rail- 

w^ay  right  of  way  and  1 ,260  feet  north  of  a  diagonal  road  crossing.    Copper  bolt  set  vertically. 

873  In  Grand  Trunk  railway  bridge  over  Rigaud  river,  1  mile  north  of  Dalkeith.    West  face  of  con- 

crete retaining  wall  behind  north  abutment,  3  feet  9  inches  above  bridge  seat. 

874  In  a  galvanized  iron  sheathed  storehouse  on  east  side  of  Grand  Trunk  railway,  350  feet  south  of 

Dalkeith  station.  West  concrete  foundation  wall,  1  foot  below  sheathing  and  27  feet  from 
northwest  corner  of  building. 

875  In  east  face  of  large  granite  boulder,  870  feet  south  of  Glen  Sandfield  flag-station  and  15  feet  east 

of  west  line  of  Grand  Trunk  railway  right  of  way. 

876  In  top  of  concrete  bench  mark  pier,  3  feet  west  of  east  line  of  Grand  Trunk  railway  right  of  way 

(Hawkesbury-Glen  Robertson  line),  172  feet  north  of  switch  stand  at  north  end  of  Glen 
Robertson  Y,  and  1,040  feet  north  of  main  line  of  Ottawa  division. 

877  In  Roman  Catholic  church  at  Glen  Robertson.    East  (side)  wall,  35  feet  from  front  of  building 

and  in  water  table  course  of  stonework. 

878  In  open  culvert  under  Grand  Trunk  railway,  2  miles  southeast  of  Glen  Robertson  and  at  mileage 

70- 15  from  Alburgh  Junction.  Southeast  stone  and  concrete  abutment,  northeast  end  of 
northwest  face,  6  feet  below  bridge  seat. 

879  In  small  plate  girder  bridge  on  Grand  Trunk  railway,  \  mile  northwest  of  Ste.  Justine.  Southwest 

face  of  west  concrete  retaining  wall,  30  inches  below  top  and  5  feet  6  inches  from  northwest 
end  of  retaining  wall. 

880  In  square  concrete  culvert  under  Grand  Trunk  railway.  If  miles  northwest  of  St.  Polycarpe 

Junction  and  at  mileage  64-6  from  Alburgh  Junction.  Southwest  face- wall  of  culvert, 
18  inches  below  top  and  4  feet  6  inches  from  northwest  end  of  face- wall. 

881  In  top  of  concrete  bench-mark  pier,  3  feet  northeast  of  southwest  line  of  Grand  Trunk  railway 

right  of  way,  2,060  feet  northwest  of  diamond  crossing  of  Canadian  Pacific  railway  at 
St.  Polycarpe  Junction  and  386  feet  northwest  of  distant  semaphore  of  interlocking  plant. 

92  In  small  open  culvert  under  Grand  Trunk  railway,  \  mile  southeast  of  St.  Polycarpe  Junction. 

Southwest  face  of  northwest  abutment,  fourth  course  of  stonework  below  top. 

93  In  Canadian  Pacific  railway  bridge  over  Delisle  river,  1  mile  west  of  St.  Polycarpe  Junction. 

West  face  of  stone  coping  on  southwest  abutment  of  bridge. 

Note.— Check  levelling  in  1918  indicates  that  the  abutment  has  shifted  slightly  since  the 
original  levelling  in  1908. 

882  In  Roman  Catholic  church  at  St.  Polycarpe.    North  face  of  pilaster  at  northwest  corner  of  build- 

ing, second  course  of  stonework  below  water  table  course. 

883  In  concrete  arch  culvert  under  Cornwall  branch  of  Canadian  Pacific  railway,  1|  miles  southwest 

of  St.  Polycarpe  Junction  and  1 ,400  feet  southwest  of  junction  switch  at  Soulanges.  Concrete 
coping  on  northwest  end  of  culvert,  northeast  end  of  northwest  face  of  coping. 

884  In  Roman  Catholic  church  at  St.  T^lesphore.    West  (side)  wall,  19  feet  from  front  wall  of  building 

and  about  2  feet  above  ground. 

885  In  square  concrete  culvert  under  Canadian  Pacific  railway,  2  miles  northeast  of  Bridge  End  and 

at  mileage  3-3  from  Soulanges.  Southwest  abutment  of  culvert,  southeast  end  of  northeast 
face  of  abutment. 
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In  plate  girder  bridge  over  Baudet  river,  \  mile  northeast  of  Bridge  End,  on  Canadian  Pacific 
railway.  Concrete  retaining  wall  behind  southwest  abutment,  southeast  end  of  northeast 
face,  21  inches  above  bridge  seat. 

In  square  concrete  (double)  culviert  under  Canadian  Pacific  railway,  f  mile  northeast  of  North 
Lancaster  and  at  mileage  8-4  from  Soulanges.  Northeast  end  of  northwest  face  of  culvert, 
10  inches  below  top. 

In  square  concrete  culvert  under  Canadian  Pacific  railway,  If  miles  northeast  of  Glen  Gordon  flag- 
station  and  at  mile  post  11  from  Soulanges.    Southwest  end  of  southeast  face  of  culvert. 

In  square  concrete  culvert  under  Canadian  Pacific  railway,  ^  mile  southwest  of  Glen  Gordon 
flag-station  and  at  mileage  13-3  from  Soulanges.    Northeast  end  of  northwest  face  of  culvert. 

In  plate  girder  bridge  over  Raisin  river,  700  feet  southwest  of  Williamstown  station,  on  Canadian 
Pacific  railway.  Concrete  retaining  wall  behind  southwest  abutment,  southeast  end  of 
northeast  face,  40  inches  above  bridge  seat. 

In  small  square  concrete  culvert  under  Canadian  Pacific  railway,  f  mile  northeast  of  Glenbrook 
flag-station  and  at  mileage  19-5  from  Soulanges.    Centre  of  southeast  face  of  culvert. 

In  square  concrete  culvert  under  Canadian  Pacific  railway,  4^  miles  northeast  of  Cornwall  and  at 
mileage  23-3  from  Soulanges.    Northeast  end  of  northwest  face  of  culvert. 

In  top  of  concrete  bench-mark  pier,  240  feet  northeast  of  diamond  crossing  of  Grand  Trunk  and 
Canadian  Pacific  railways  f  mile  east  of  G.T.R.  station,  Cornwall.  The  pier  is  4  feet 
southeast  of  northwest  line  of  C.P.R.  right  of  way  and  80  feet  northeast  of  north  fence 
of  road  running  parallel  to  and  on  north  side  of  G.T.R. 

In  Grand  Trunk  steel  water  tank  at  Cornwall  station.  Northeast  face — 5  inches  below  top — of 
northwesterly  concrete  footing. 

In  post  office  at  Cornwall.  South  wall,  32  inches  west  of  west  wall  of  clock  tower  and  in  second 
course  of  stonework  below  water  table  course. 

In  large  square  stone  and  concrete  culvert  under  Grand  Trunk  railway,  |  mile  west  of  Mille Roches 
and  at  mileage  261-1  from  Toronto.    East  end  of  north  face  of  culvert. 

In  large  square  stone  and  concrete  culvert  under  Grand  Trunk  railway,  1  mile  west  of  Moulinette 
flag-station  and  at  mileage  259-3  from  Toronto.    West  end  of  south  face  of  culvert 

In  stone  arch  bridge  over  Hoople  creek  850  feet  west  of  Wales  station,  on  Grand  Trunk  railway. 
North  face  of  east  abutment,  4  feet  from  west  face  of  abutment  and  in  seventh  course  below 
coping. 

In  north  face  of  flat  limestone  boulder,  2j  miles  west  of  Wales  and  at  mileage  254-4  from  Toronto — 
immediately  north  of  north  line  of  Grand  Trunk  railway  right  of  way  and  at  the  east  side 
of  a  farm  crossing. 

In  stone  arch  culvert  under  Grand  Trunk  railway,  850  feet  west  of  Farran  Point  flag-station  and 
at  mileage  252  •  1  from  Toronto.  Southeast  wing  wall  of  culvert,  southeast  face  of  top  course 
of  stonework. 

In  large  open  culvert  under  Grand  Trunk  railway,  |  mile  west  of  Aultsville  and  at  mileage  249-25 
from  Toronto.  Northwest  face  of  northwest  wing  wall,  first  course  of  stonework  above 
seat  of  I-beams. 

In  stone  monument  erected  in  1895  to  commemorate  the  battle  of  Crysler's  Farm;  this  is  on  the 
north  bank  of  St.  Lawrence  river  about  3^  miles  west  of  Aultsville.  The  bench-mark  is  in 
north  face  of  stone  base  of  monument. 

In  stone  arch  culvert  under  Grand  Trunk  railway,  3$  miles  east  of  Morrisburg  and  at  mileage 
245-1  from  Toronto.  Southeast  wing  wall,  second  course  of  stonework  above  floor  of 
culvert,  first  stone  from  mouth  of  water-passage. 

In  plate  girder  bridge  on  Grand  Trunk  railway,  1  mile  east  of  Morrisburg.  Northwest  face  of 
northeast  retaining  wall,  sixth  course  of  stonework  below  bridge  seat,  fourth  stone  from 
north  end  of  east  abutment. 

In  Grand  Trunk  station  house  at  Morrisburg.  Front  (or  north)  wall,  immediately  east  of  westerly 
doorway  and  in  second  course  of  stonework  above  water  table. 

In  east  wall  of  vestry  of  St.  James  Anglican  church,  Morrisburg.  In  water  table  course  of  stone- 
work, directly  beneath  a  pair  of  windows  facing  street. 

In  large  square  stone  and  concrete  culvert  under  Grand  Trunk  railway,  3  miles  west  of  Morrisburg 
and  at  mileage  238-3  from  Toronto — 200  feet  west  of  a  highway  crossing.  East  stone  abut- 
ment, north  end  of  west  face,  third  course  below  concrete  top  of  culvert. 
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907  In  top  of  concrete  bench-mark  pier,  1  mile  east  of  Iroquois,  5  feet  north  of  south  line  of  Grand 

Trunk  railway  right  of  way,  26  feet  east  of  a  farm  crossing  and  690  feet  east  of  east  end  of 
a  plate  girder  bridge  at  mileage  235-65  from  Toronto. 

908  In  Grand  Trunk  station  house  at  Iroquois.    Front  (or  north)  wall,  immediately  east  of  westerly 

doorway  and  in  second  course  of  stonework  above  water  table. 

009  In  small  open  culvert  under  Grand  Trunk  railway,  2i  miles  east  of  Cardinal  and  at  mileage  231-6 
from  Toronto.  West  stone  abutment,  south  end  of  east  face,  third  course  below  seat  of 
I-beams. 

910        In  large  square  concrete  culvert  under  Grand  Trunk  railway,  1,100  feet  east  of  Cardinal  station. 

South  face- wall  of  culvert,  30  inches  below  top  and  6  inches  from  west  end  of  face-wall. 

Oil  In  square  stone  and  concrete  culvert  under  Grand  Trunk  railway,  3j  miles  west  of  Cardinal  and  at 
mileage  225-9  from  Toronto.  West  stone  abutment,  south  end  of  east  face,  third  course 
below  concrete  top  of  culvert. 

912  In  top  of  concrete  bench-mark  pier,  3?  miles  east  of  Prescott  and  4  feet  north  of  south  line  of  Grand 

Trunk  railway  right  of  way — directly  opposite  a  section  tool-house.  Also  396  feet  west 
of  west  end  of  a  plate  girder  bridge  at  mileage  223  -4  from  Toronto. 

118  In  Grand  Trunk  railway  bridge  over  Canadian  Pacific  railway  (Ottawa-Prescott  line),  H  miles 

east  of  Prescott.  North  face  of  east  abutment,  twentieth  course  of  stonework  below  bridge 
seat. 

913  In  custom  house  at  Prescott.    Front  (or  south)  wall,  8  feet  east  of  main  entrance  and  in  third  course 

of  stonework  above  sidewalk. 

914  In  Roman  Catholic  church  at  Prescott.    West  (side)  wall,  25  feet  from  front  of  building  and  in 

first  course  of  stonework  below  water  table  course. 

119  In  Grand  Trunk  station  house  at  Prescott.    North  face  of  corner  stone  at  northeast  corner  of 

building,  third  course  above  water  table. 


BENCH-MARKS  BETWEEN  IVANHOE  AND  TORONTO  (NORTH  TORONTO), 
ONT.,  VIA  CANADIAN  PACIFIC  RAILWAY. 

Elevations  on  page  22. 

187-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway,  2  miles  west  of  Ivanhoe  and  at  mileage 

73-6  from  Glentay.    East  end  of  north  face  of  culvert,  1  foot  below  top. 

188-  G   In  square  stone  and  concrete  culvert  under  Canadian  Pacific  railway,  4|  miles  west  of  Ivanhoe 

and  40  feet  west  of  westerly  switch  of  Peterson  passing-track.  East  end  of  north  face  of 
culvert,  15  inches  below  top. 

189-  G   In  side  of  concrete  bench-mark  pier,  ^  mile  east  of  Bonarlaw,  5  feet  south  of  north  line  of  Canadian 

Pacific  railway  right  of  way  and  776  feet  east  of  centre  line  of  a  road  crossing. 

190-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway,  4^  miles  west  of  Bonarlaw  and  at 

mileage  84-7  from  Glentay.    East  end  of  north  face  of  culvert,  9  inches  below  top. 

191-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway  at  mileage  86-9  from  Glentay.  East 

end  of  north  face  of  culvert, 

192-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway  at  mileage  89-1  from  Glentay.  West 

end  of  south  face  of  culvert. 

193-  G   In  plate  girder  bridge  on  Canadian  Pacific  railway,  l\  miles  east  of  Havelock.    Concrete  retaining 

wall  behind  west  abutment,  south  end  of  east  face,  30  inches  above  bridge  seat. 

193-  G-2  In  small  concrete  highway  bridge  over  a  creek,  about  \  mile  west  of  Havelock  station  and  200  feet 

south  of  Canadian  Pacific  railway.    West  face  of  north  abutment,  7  inches  below  top. 

194-  G   In  square  concrete  culvert  under  Canadian  Pacific  railway,  1  mile  west  of  Havelock.    East  end 

of  north  face  of  culvert. 

195-  G    In  plate  girder  bridge  on  Canadian  Pacific  railway,  \\  miles  east  of  Norwood  and  at  mileage  4-9 

from  Havelock.  Southeast  retaining  wall,  south  face,  first  course  of  stonework  below 
coping. 

196-  G    In  grain  elevator  about  480  feet  west  of  Norwood  station,  on  south  side  of  Canadian  Pacific  rail- 

way. North  concrete  foundation  wall,  3  feet  above  ground  and  1  foot  from  northeast 
corner  of  building. 

197-  G   In  square  concrete  culvert  under  Canadian  Pacific  railway,  2  miles  west  of  Norwood  and  at 

mileage  8-2  from  Havelock.    West  end  of  north  face  of  culvert,  1  foot  below  top. 
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198-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway,  1  mile  east  of  Indian  River  and  at 

mileage  13-6  from  Havelock.    Centre  of  north  face  of  culvert. 

199-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway,  If  miles  west  of  Indian  River  and 

at  mileage  16-3  from  Havelock— at  the  east  line  of  a  highway  crossing.  Centre  of  north 
face  of  culvert. 

200-  G    In  square  concrete  (double)  culvert  under  Canadian  Pacific  railway,  3f  miles  west  of  Indian 

River  and  and  at  mileage  18-3  from  Havelock.  East  abutment,  north  end  of  west  face, 
4  feet  below  top  of  culvert. 

201-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway,  3?  miles  east  of  Peterboro  and  at  second 

telegraph  pole  west  of  mile  post  21  from  Havelock.    Centre  of  south  face  of  culvert. 

202-  G    In  Trent  canal  lift-lock  at  Peterboro.    East  tower,  centre  of  south  face,  3  feet  above  concrete 

floor  at  lower  level. 

203-  G    In  armoury  at  Peterboro.    South  (or  Murray  street)  wall,  fourth  course  of  stonework  below 

brickwork,  2  feet  from  southwest  corner  of  building. 

204-  G    In  Sacred  Heart  Roman  Catholic  church,  Peterboro;  corner  of  Aylmer  and  Romaine  streets. 

West  (side)  wall,  first  course  of  stonework  below  water  table  course,  between  fourth  and 
fifth  buttresses  from  front  of  building. 

205-  G    In  top  of  concrete  bench-mark  pier,  1  mile  west  of  Peterboro  station,  3  feet  south  of  north  line  of 

Canadian  Pacific  railway  right  of  way  and  370  feet  west  of  west  line  of  Monaghan  road. 

206-  G    In  square  concrete  (double)  culvert  under  Canadian  Pacific  railway,  4  miles  west  of  Peterboro 

and  at  mileage  28-35  from  Havelock.  East  abutment,  north  end  of  west  face,  3  feet  below 
top  of  culvert. 

207-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway,  1§  miles  east  of  Cavan  and  at  mileage 

31- 7  from  Havelock.    East  end  of  north  face  of  culvert,  8  inches  below  top. 

208-  G    In  subway  under  Canadian  Pacific  railway  (crossing  of  main  road  between  Millbrook  and  Cavan) , 

H  miles  west  of  Cavan  station  and  at  mileage  34-6  from  Havelock.  Concrete  retaining 
wall  behind  west  abutment,  south  end  of  east  face,  16  inches  above  bridge  seat. 

209-  G    In  Canadian  Pacific  railway  bridge  over  Grand  Trunk  railway  (Millbrook-Omemee  Junction 

line),  f  mile  east  of  Bethany  Junction  and  4|  miles  north  of  Millbrook.  West  abutment, 
south  end  of  east  face,  thirteenth  course  of  stonework  below  bridge  seat. 

210-  G    In  plate  girder  bridge  on  Canadian  Pacific  railway,  f  mile  west  of  Bethany  Junction  and  at  mileage 

39-4  from  Havelock.  Southwest  retaining  wall,  south  face,  second  course  of  stonework 
below  coping. 

211-  G    In  triangular  tile  culvert  under  Canadian  Pacific  railway,  6  feet  east  of  east  wall  of  Manvers  station 

house.    South  face  of  south  concrete  face- wall,  9  inches  below  top. 

212-  G    In  small  concrete  arch  culvert  under  Canadian  Pacific  railway,  U  miles  east  of  Pontypool  and 

200  feet  east  of  mile  post  44  from  Havelock.  Centre  of  north  face  of  culvert,  1  foot  below 
top. 

213-  G    In  grain  elevator  about  630  feet  west  of  Pontypool  station,  on  south  side  of  Canadian  Pacific  rail- 

way. North  concrete  foundation  wall,  20  inches  above  door  sill  and  6  feet  from  northeast 
corner  of  building. 

214-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway,  2^  miles  west  of  Pontypool  and  at 

mileage  47-6  from  Havelock — at  the  east  line  of  a  highway  crossing.  Centre  of  south  face 
of  culvert. 

215-  G    In  top  of  concrete  bench-mark  pier,  4^  miles  east  of  Burketon,  9  feet  south  of  north  line  of  Canadian 

Pacific  railway  right  of  way  and  72  feet  east  of  east  line  of  road  allowance  between  town- 
ships of  Manvers  and  Cartwright — directly  opposite  mile  post  50  from  Havelock. 

216-  G    In  Canadian  Pacific  section  house  about  350  feet  west  of  Burketon  station.    (I^ront)  or  north  con- 

crete foundation  wall,  14  inches  below  woodwork  and  15  inches  east  of  cellar  window. 

217-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway,  |  mile  west  of  Brady  flag-station  and 

at  mile  post  59  from  Havelock — immediately  west  of  a  highway  crossing.  Centre  of  south 
face  of  culvert. 

218-  G    In  concrete  arch  cattle-pass  under  Canadian  Pacific  railway,  2^  miles  east  of  Myrtle  and  at  first 

telegraph  pole  west  of  mile  post  61  from  Havelock— immediately  east  of  a  highway  crossing. 
West  face  of  north  face-wall  of  culvert,  1  foot  below  top. 

219-  G    In  Grand  Trunk  railway  bridge  over  Canadian  Pacific  railway,  §  mile  west  of  Myrtle  C.P.R. 

station  and  |  mile  north  of  Myrtle  G.T.R.  station.  North  face  of  south  abutment, twelfth 
course  of  stonework  below  bridge  seat,  25  feet  from  west  end  of  abutment. 
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220-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway,  \  mile  east  of  Dagmar  flag-station 

and  at  mileage  66-7  from  Havelock.  East  abutment,  north  end  of  west  face,  4  feet  4  inches 
below  top  of  culvert. 

221-  G    In  concrete  arch  subway  under  Canadian  Pacific  railway,  ^  mile  west  of  Glen  Major  flag-station 

and  at  mileage  69-3  from  Havelock.  Concrete  coping  on  south  end  of  subway,  west  end 
of  south  face  of  coping,  1  foot  below  top. 

222-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway,  \\  miles  east  of  Claremont  and  at 

mileage  71-1  from  Havelock.    Centre  of  north  face  of  culvert. 

223-  G   In  square  concrete  (double)  culvert  under  Canadian  Pacific  railway.  If  miles  west  of  Claremont 

and  at  mileage  74-3  from  Havelock.  Near  centre  of  south  face  of  culvert,  15  inches  below 
top.    This  is  the  farther  west  of  two  similar  culverts  about  750  feet  apart. 

224-  G    In  large  stone-arch  culvert  under  Canadian  Pacific  railway,  \  mile  west  of  Atha  Rpad  flag-station 

and  at  mileage  76-3  from  Havelock.  North  face  of  northwest  retaining  wall,  first  course 
of  stonework  below  coping  on  north  end  of  culvert. 

225-  G    In  large  concrete  arch  culvert  under  Canadian  Pacific  railway,  \\  miles  east  of  Locust  Hill  and  at 

mileage  78-7  from  Havelock.  Concrete  coping  on  south  end  of  culvert,  west  end  of  south 
face  of  coping,  15  inches  below  top. 

226-  G    In  Canadian  Pacific  water  tank  (now  disused)  at  Locust  Hill.   Circular  masonry  base  of  tank, 

9  feet  to  the  left  of  the  doorway  and  in  second  course  of  stonework  below  door-sill. 

227-  G    In  large  square  concrete  culvert  under  Canadian  Pacific  railway,  2^  miles  west  of  Locust  Hill  and 

at  mileage  82-3  from  Havelock.    East  end  of  north  face  of  culvert,  1  foot  below  top. 

228-  G    In  plate  girder  bridge  on  Canadian  Pacific  railway,  4  miles  west  of  Locust  Hill  and  at  mileage 

84-1  from  Havelock.  Concrete  retaining  wall  behind  west  abutment,  south  end  of  east 
face,  3  feet  above  bridge  seat. 

229-  G    In  large  square  concrete  culvert  under  Peterboro  subdivision  of  Canadian  Pacific  railway,  f  mile 

east  of  Agincourt  and  at  mileage  87-15  from  Havelock.    West  end  of  north  face  of  culvert, 

10  inches  below  top. 

230-  G    In  Canadian  Pacific  railway  bridge  over  Grand  Trunk  railway  ( Lindsay-Scar boro  Junction  line), 

I  mile  west  of  Agincourt  and  at  mile  post  97  from  Trenton.  Concrete  retaining  wall  behind 
east  abutment,  south  end  of  west  face,  15  inches  above  bridge  seat. 

231-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway,  2|  miles  west  of  Agincourt  and  at 

second  telegraph  pole  east  of  mile  post  99  from  Trenton.  West  end  of  south  face  of  culvert, 
8  inches  below  top. 

232-  G    In  Canadian  Pacific  railway's  steel  trestle  viaduct  over  Little  Don  river  and  Canadian  Northern 

railway,  2f  miles  east  of  Leaside.  Concrete  retaining  wall  behind  east  abutment,  north  end 
of  west  face,  30  inches  above  bridge  seat. 

233-  G    In  Canadian  Pacific  railway's  steel  trestle  viaduct  over  Don  river,  1  mile  east  of  Leaside.  Con- 

crete retaining  wall  behind  west  abutment,  south  end  of  east  face.  40  inches  above  bridge 
seat. 

234-  G    In  Canadian  Pacific  railway's  re-enforced  concrete  viaduct  o\-er  ravine  followed  by  old  belt-line 

railway,  \\  miles  east  of  North  Toronto  station.  East  concrete  abutment,  south  face,  3 
feet  below  top. 

235-  G    In  Yonge  street  subway  under  Canadian  Pacific  railway  at  North  Toronto  station.    West  con- 

crete abutment,  south  end  of  east  face,  2  feet  above  concrete  sidewalk.    Also  40  feet  6  inches 
*  north  of  north  wall  of  Dominion  Bank. 

189        In  old  Canadian  Pacific  station  house  (how  disused)  at  North  Toronto.    This  bench  mark  has 
been  rendered  inaccessible  by  the  reconstruction  of  the  railway. 

BENCH-MARKS  BETWEEN  BETHANY  AND  PORT  HOPE,  ONT.,  VIA  GRAND 

TRUNK  RAILWAY. 

Elevations  on  page  23. 

915  In  top  of  concrete  bench-mark  pier.  1  mile  north  of  Millbrook,  on  Grand  Trunk  railway's  Mill- 

brook-Omemee  Junction  line.  Pier  is  10  feet  east  of  west  line  of  right  of  way  and  41  feet 
north  of  intersection  of  west  line  of  right  of  way  with  north  line  of  road  allowance  between 
concessions  V  and  VI,  township  of  Cavan. 

916  In  armory  at  Millbrook.    Concrete  foundation  of  front  wall,  west  face  of  buttress  at  west  side 

of  main  entrance,  15  inches  below  brickwork. 

917  In  steel  and  concrete  subway  under  Grand  Trunk  railway,  IJ  miles  south  of  Carmel  flag-station 

and  at  mileage  12-7  from  Port  Hope.  Concrete  retaining  wall  behind  south  abutment, 
east  end  of  north  face,  3  feet  above  bridge  seat. 

56488—4 
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918  In  F.  Smith's  (red  brick)  residence  in  the  village  of  Campbellcroft,  on  north  side  of  main  road, 

immediately  east  of  Grand  Trunk  railway.  Stone  foundation  of  east  wall,  5  inches  below 
brickwork  and  10  feet  from  southeast  corner  of  building. 

919  In  top  of  concrete  bench-mark  pier  at  Quay  flag-station,  5  feet  east  of  west  line  of  Grand  Trunk 

railway  right  of  way  and  56  feet  north  of  intersection  of  said  line  with  north  line  of  road 
allowance  between  concessions  IV  and  V,  township  of  Hope. 

920  In  Canadian  Northern  railway's  steel  trestle  viaduct  over  Port  Hope-Peterboro  line  of  Grand 

Trunk  railway,  1  mile  north  of  Port  Hope  (Walton  street).  Concrete  footing  of  steel  column 
on  north  side  of  C.N.R.  and  on  west  side  of  G.T.R.  track;  centre  of  north  face  of  footing, 
4  feet  below  top. 

921  In  Canadian  Pacific  railway's  viaduct  over  Port  Hope-Peterboro  line  of  Grand  Trunk  railway 

in  the  town  of  Port  Hope.  Second  concrete  pier  from  west  end  of  viaduct,  centre  of  west 
face  of  pier,  18  inches  above  G.T.R.  rails. 

172  In  Port  Hope  town  hall.   West  end  of  south  wall,  fourth  course  of  stonework  above  sidewalk. 

172-A    In  Port  Hope  post  office.    South  face  of  corner  stone  at  southwest  corner  of  building,  first  course 
above  sidewalk. 

173  In  Grand  Trunk  station  house  at  Port  Hope  Junction.    West  face  of  corner  stone  at  northwest 

corner  of  building,  first  course  above  platform. 

BENCH  MARKS  BETWEEN  MYRTLE  AND  WHITBY,  ONT.,  VIA  GRAND 

TRUNK  RAILWAY. 

Elevations  on  page  24. 

922  In  top  of  concrete  bench-mark  pier,  \\  miles  north  of  Brooklin,  4  feet  west  of  east  line  of  Grand 

Trunk  railway  right  of  way  and  100  feet  north  of  north  line  of  road  allowance  between  con- 
cessions VI  and  VII,  township  of  Whitby. 

923  In  Anglican  church  at  Brooklin,  a  frame  building  immediately  east  of  Grand  Trunk  railway. 

West  wall,  8  feet  6  inches  from  southwest  corner  of  building,  first  course  of  stonework  below 
woodwork. 

924  In  Canadian  Northern  railway  bridge  over  Lyon  brook,  1,100  feet  west  of  Brooklin  C.N.R. 

station  and  |  mile  west  of  Grand  Trunk  railway  diamond  crossing.  Concrete  retaining 
wall  behind  east  abutment,  south  end  of  west  face,  3  feet  above  bridge  seat. 

925  In  top  of  concrete  bench-mark  pier,  \j  miles  north  of  Whitby  (towm  station),  4  feet  east  of  west 

line  of  Grand  Trunk  railway  right  of  way  and  30  feet  south  of  south  line  of  road  allowance 
between  concessions  II  and  III,  township  of  Whitby. 

926  In  Whitby  post  office.    King  street  wall,  first  course  of  stonework  below  water  table  course,  12 

feet  6  inches  west  of  west  wall  of  clock  tower. 

180-A    In  St.  John's  Anglican  church,  \  mile  southeast  of  Grand  Trunk  station,  Whitby  Junction.  West 
end  of  front  wall,  second  course  of  stonework  above  ground. 

927  In  chimney  of  Whitby  water  works  pumping  station  on  shore  of  lake  Ontario  at  Port  Whitby. 

Concrete  base  of  chimney,  centre  of  north  face. 

BENCH  MARKS  BETWEEN  NORTH  TORONTO  AND  MIMICO,  ONT., 
VIA  CANADIAN  PACIFIC  RAILWAY  THROUGH  WEST  TORONTO, 
ISLINGTON  AND  "CANPA." 

{Elevations  on  page  t4-) 

236-  G   In  Spadina  road  subway  under  Canadian  Pacific  railway  in  the  city  of  Toronto.   W^eet  concrete 

abutment,  south  end  of  east  face,  3  feet  above  concrete  sidewalk.  Also  24  feet  north  of 
south  line  of  C.P.R.  right  of  way. 

237-  G   In  Dovercourt  road  subway  under  Canadian  Pacific  railway  in  the  city  of  Toronto.   West  concrete 

abutment,  south  end  of  east  face,  3  feet  above  concrete  sidewalk.  Also  24  feet  north  of 
south  line  of  C.P.R.  right  of  way. 

238-  G   In  Weston  road  bridge  over  Canadian  Pacific  railway,  West  Toronto.   Concrete  pier  at  south  end 

of  steel  truss  and  at  east  side  of  bridge;  centre  of  north  face  of  pier,  2  feet  above  concrete 
footing. 

239-  G   In  top  of  concrete  bench-mark  pier,  \\  miles  northwest  of  West  Toronto  station  and  between  the 

tracks  of  Grand  Trunk  railway  (Toronto-Stratford  line)  and  Canadian  Pacific  railway 
(Toronto-Sudbury  line),  37  feet  southwest  of  the  latter.  Between  sixth  and  seventh  tele- 
graph poles  northwest  of  C.P.R.  mile  post  1  and  840  feet  southeast  of  an  overhead  crossing 
of  the  Weston  road. 
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240-  G    In  West  Toronto  post  office,  corner  of  Dundas  and  Kccle  streets.    Kcele  street  wall,  30  inches 

north  of  entrance  to  Customs  department  and  in  third  course  of  stonework  below  brickwork. 

241-  G   In  Runnymede  road  subway  under  Canadian  Pacific  railway,  1  mile  west  of  Keele  street,  West 

Toronto.  West  concrete  abutment,  south  end  of  east  face,  3  feet  above  concrete  sidewalk. 
Also  10  feet  north  of  south  line  of  C.P.R.  right  of  way. 

242-  G   In  Canadian  Pacific  railway  bridge  over  Humber  river,  \  mile  west  of  Lambton  flag  station. 

Northeast  concrete  retaining  wall,  2  feet  8  inches  below  top  and  5  feet  6  inches  from  east 
end  of  wall. 

243-  G   In  Canadian  Pacific  railway  bridge  over  Mimico  creek  and  Toronto  Suburban  (electric)  railway, 

850  feet  east  of  Islington  station.  Concrete  retaining  wall  behind  west  abutment,  south 
end  of  east  face,  2  feet  above  bridge  seat. 

244-  G    In  square  concrete  culvert  under  Canadian  Pacific  railway,  |  mile  west  of  Islington  and  300  feet 

east  of  junction  switch  at  "Obico".    West  end  of  south  face  of  culvert,  6  inches  below  top. 

245-  G   In  top  of  concrete  bench-mark  pier.  If  miles  southwest  of  Mimico  station,  3  feet  northwest  o 

southeast  line  of  Grand  Trunk  railway  right  of  way  and  205  feet  southwest  of  signal  tower 
at  "Canpa,"  the  junction  of  C.P.R.  cut-off  from  Islington  with  G.T.R.  Toronto-Hamilton 
line. 

191        In  Grand  Trunk  railway  bridge  over  Etobicoke  creek,  3  miles  southwest  of  Mimico.  East 
retaining  wall,  northeast  face  of  cap-stone. 
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TABLE  n. 

RESULTS  OF  PRECISE  LEVELLING 
MONTREAL  TO  HULL,  QUE. 
Run  by  W.  N.  McGrath  and  F.  B.  Reid. 


Bench-Mark 

Distance 

Distance 

Discrepancy 

between 

from 

Elevation 

successive 

bench- 

above 

Bench-Mabk 

bench- 

mark 

mean 

From 

lo 

marks 

818 

r^artial 

lotal 

sea  level 

ISO. 

JNO. 

QIC 

olo 

Miles 

Miles 

r  eet 

reet 

Feet 
203-377 

No. 
818 

QIC 
olo 

oZo 

0-9 

0-9 

—  •VIZ 

.019 

  •Ulii 

182-493 

826 

OOft 

oJ/ 

21 

3  0 

"T  UlU 

OA9 

—  •UUJ 

95-966 

827 

C07 

oZo 

16 

4-6 

—  •VOl 

OOO 

—  •uuy 

67-439 

828 

ooo 
oJo 

2-9 

7-5 

—  -  Ui4 

AOO 

—  •UZo 

107-077 

829 

ooU 

20 

9-5 

1  .nno 
-\-  -uuo 

09O 

—  •uzu 

142-997 

830 

OOA 

ool 

2-5 

120 

—  -  UlU 

AOA 

—  -UoU 

86-944 

831 

ool 

OO^ 

3-1 

151 

-f-  -Ull 

A1  A 

—  "Uiy 

149-569 

832 

CQO 

QQQ 
OOO 

3-4 

18-5 

-f-  •UU4 

.  01 
—  •UID 

151-486 

833 

QOO 
OOO 

oo4 

2-7 

21-2 

—  -  UIZ 

A07 

189-391 

834 

CQA 

oo4 

OOO 

31 

24-3 

.  099 

OdQ 

—  •  U4y 

219-092 

835 

OOO 

ooo-A 

3-9 

28-2 

"T  •  u/y 

.  090 

—  •  uzu 

232 -.358 

835-A 

OOO— A. 

OOO 

0-4 

28-6 

.000 
—  -UUo 

.O90 

244  081 

836 

QQ(;  A 
ooO— A 

QQ7 
oo< 

6-6 

34-8 

1  oof; 
-f  -  •uuo 

242-655 

837 

OOi 

000 
OOO 

4-9 

39-7 

1  nno 
-|-  -  UUo 

1     A1 0 

-f-  •Ulo 

224-278 

838 

fiQQ 
OOO 

ooy 

0-5 

40-2 

1  .  noA 

-p - UU4 

1     A1 7 
-f-  •Ul/ 

207-085 

839 

COO 

OW 

5-9 

461 

-)-  -uzo 

1     A/t  0 

-|-  •U4o 

261-608 

840 

o4U 

QA  1 
041 

4-3 

50-4 

1  MA 

-T  -UZ4 

1  nA7 
-|-  •vol 

251-889 

841 

C/11 
o41 

o4Z 

21 

52-5 

1  AO/1 

-|-  -UU4 

1  A71 

-h  -U/1 

222-425 

842 

842 

843 

0-3 

52-8 

--002 

+  -069 

199-142 

843 

843 

844 

41 

56-9 

-•003 

+  -066 

■  188-815 

844 

844 

845 

2-4 

59-3 

+  -010 

+  -076 

188-998 

845 

845 

846 

3-6 

62-9 

+  010 

+  •086 

162-610 

846 

846 

847 

3-5 

66-4 

--028 

+  •058 

169-007 

847 

847 

848 

3-2 

69-6 

+  -011 

+  •069 

159-285 

848 

848 

849 

11 

70-7 

+  -009 

+  •078 

169-230 

849 

849 

850 

3-8 

74-5 

-003 

+  075 

155-218 

850 

850 

850-A 

1-2 

75-7 

+  -006 

+  •081 

186-272 

850-A 

850-A 

851 

14 

77-1 

--007 

+  •074 

174-447 

851 

851 

852 

3-7 

80-8 

-•029 

+  •045 

184-202 

852 

852 

852-A 

0-7 

81-5 

+  -005 

+  •050 

186-700 

852-A 

852-A 

853 

1-2 

82-7 

-t-^ois 

+  •063 

181-362 

853 

853 

854 

3-9 

86-6 

+  021 

+  •084 

184-401 

854 

854 

855 

4-8 

91-4 

+  •029 

+  •113 

175-772 

855 

855 

856 

3-6 

950 

-•012 

+  •101 

178-075 

856 

856 

857 

20 

970 

-•002 

+  099 

183-565 

857 

857 

858 

3-7 

100-7 

+  •006 

+  -105 

180-897 

858 

858 

859 

21 

102-8 

+  •020 

+  -125 

160-162 

859 

859 

860 

31 

105-9 

+  006 

+  131 

149-968 

860 

860 

861 

0-5 

106-4 

-•004 

+  -127 

186  047 

861 

861 

862 

3-2 

109-6 

+  •026 

+  153 

176-855 

862 

862 

862-A 

0-5 

110-1 

+  004 

+  157 

174-844 

862-A 

862-A 

863 

2-8 

112-9 

-010 

+  -147 

153-910 

863 

863 

864 

1-4 

114-3 

-003 

+  -144 

157-706 

864 

863 

462 

13 

114-2 

-017 

+  -130 

1 

163-315 

462* 

•  The  observed  elevation  of  the  junction  bench-mark  462  was  163-565. 
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RESULTS  OF  PRECISE  LEVELLING 
ST.  MARTIN  JUNCTION  TO  THREE  RIVERS,  QUE. 
Run  by  W.N.  McGrath. 


Bench-Mark 

Distance 

Distance 

Discrepancy 

between 

from 

Elevation 

successive 

bench- 

above 

Bench-Mark 

bencn- 

mark 

mean 

From 

To 

marks 

829 

Partial 

Total 

sea  level 

TSJn 

No 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

829  ' 

107-077 

829 

829 

684-B 

A  A 

+  003 

+  003 

99 

007 

684-B 

684-B 

685-B 

1-9 

2-3 

-030 

-027 

70  232 

685-B 

685-B 

686-B 

1-7 

40 

-005 

-032 

79 

599 

686-B 

686-B 

687-B 

5-8 

-061 

-093 

50  781 

687-B 

687-B 

688-B 

1  n  A 

+  •001 

-092 

57 

185 

688-B 

687-B 

689-B 

4-9 

14-7 

-004 

-•097 

69 

106 

689-B 

689-B 

690-B 

2-5 

17-2 

+  021 

-076 

52 

326 

690-B 

690-B 

691-B 

20 

19-2 

+  004 

-072 

55 

019 

691-B 

691-B 

692-B 

3-8 

230 

-•002 

-074 

60 

547 

692-B 

692-B 

693-B 

o  o 

25-3 

-•018 

-092 

79 

448 

693-B 

693-B 

694-B 

li  -0 

-008 

-100 

64 

479 

694-B 

694-B 

695-B 

1  o 

OO  o 

zo-o 

+  021 

-•079 

58 

508 

695-B 

695-B 

696-B 

6-7 

35-5 

-010 

-■089 

69 

194 

696-B 

696-B 

697-B 

3-6 

39-1 

+  005 

-•084 

68 

916 

697-B 

697-B 

698-B 

'7  n 

/ -u 

46-1 

+  008 

-076 

53 

510 

698-B 

698-B 

699-B 

O  1 

6-1 

-020 

-•096 

33 

105 

699-B 

699-B 

700-B 

1  -6 

KA  (C 
OU-0 

—  Oil 

—  ^107 

34 

400 

700-B 

700-B 

701-B 

2-9 

53-4 

+  •006 

-101 

35 

437 

701-B 

701-B 

702-B 

31 

56-5 

-003 

-104 

29 

564 

702-B 

Tno  "D 
iVZ—ri 

/Uo— r> 

4-3 

60-8 

A01 
 U/1 

1  OK 
 IZO 

44 

865 

703-B 

703-B 

704-B 

0-3 

61 -1 

•000 

-125 

52  225 

704-B 

703-B 

705-B 

4-6 

65-4 

+  034 

-091 

44^209 

705-B 

705-B 

706-B 

0-8 

66-2 

-015 

-•106 

41 

087 

706-B 

706-B 

707-B 

3-3 

69-5 

+  001 

-•105 

33-595 

707-B 

707-B 

708-B 

2-2 

71-7 

+  •018 

-•087 

39-454 

708-B 

708-B 

709-B 

1-9 

73-6 

+  016 

-071 

39-623 

709-B 

709-B 

710-B 

2-6 

76-2 

+  •008 

-063 

34-997 

710-B 

710-B 

711-B 

2-6 

78-8 

+  027 

-036 

61 

888 

711-B 

711-B 

712-B 

4-4 

83-2 

+  009 

-027 

35-748 

712-B 

712-B 

713-B 

3-6 

86-8 

+  •035 

+  •008 

53  290 

713-B 

713-B 

714-B 

0-4 

87-2 

+  •009 

+  017 

54  424 

714-B 

714-B 

715-B 

0-3 

87-5 

-•003 

+  014 

53-963 

715-B 

714-B 

716-B 

0-2 

87-4 

+  •003 

+  •020 

57  903 

716-B 
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RESULTS  OF  PRECISE  LEVELLING 
GRENVILLE,  QUE.,  TO  PRESCOTT,  ONT. 
Run  by  F.  B.  Reid. 


Bench-Mark 

Distance 

Distance 

Discrepancy 

between 

from 

Elevation 

successive 

bench- 

above 

Bench-Mark 

bench- 

mark 

mean 

From 

To 

marks 

842 

Partial 

Total 

sea  level 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

842 

222^425 

842 

842 

865 

2-2 

2-2 

—  •Oil 

—  •Oil 

166 '467 

865 

865 

866 

1-3 

3-5 

-t-004 

—  •007 

170  793 

866 

866 

867 

U-0 

A  1 

4*  i 

—  •002 

—  •009 

140^755 

867 

867 

868 

0-4 

4-5 

-f  ^005 

—  •004 

149-239 

868 

868 

869 

0-2 

4-7 

•000 

-•004 

147-323 

869 

869 

870 

40 

8-7 

-{-•009 

+  •005 

236-254 

870 

870 

871 

2-2 

10-9 

4-  •  002 

4- -007 

255-516 

871 

871 

872 

o-y 

1  A  0 

•000 

+  •007 

01A  OAA 

872 

872 

873 

3-6 

18-4 

—  •on 

—  •004 

210-867 

873 

873 

874 

1  A 

1  -u 

1 A  A 

_  .014 

—  -018 

OOA  0.10 

874 

874 

875 

3-6 

23-0 

+  ■029 

+  •011 

236-128 

875 

875 

876 

3-0 

26-0 

-•003 

+  •008 

251-492 

876 

876 

877 

0-8 

26-8 

•000 

+  •008 

297^465 

877 

876 

878 

1-8 

27-8 

-1--004 

+  •012 

239-943 

878 

878 

879 

2-4 

30-2 

-^•028 

+  •040 

244-111 

879 

879 

880 

3-2 

33-4 

-•033 

+  •007 

204-722 

880 

880 

881 

1-5 

34-9 

—  •OOS 

-j--002 

193  423 

'881 

881 

92 

0-7 

35-6 

+  •003 

+  •005 

186-360 

92* 

j  92 

882 

2-3 

37-9 

+  •014 

+  •019 

180-578 

882 

92 

93 

1-4 

37-0 

-•007 

-•002 

193-322 

93 

93 

883 

0-7 

37-7 

-•004 

-•006 

194-668 

883 

883 

884 

20 

39-7 

-•021 

-•027 

227-814 

884 

884 

885 

10 

40-7 

+  •009 

-•018 

197^658 

885 

885 

886 

1-7 

42-4 

-•013 

-•031 

195  080 

886 

886 

887 

3-4 

45-8 

-•010 

-•041 

187-404 

887 

887 

888 

2-6 

48-4 

-•008 

-•049 

185-620 

888 

888 

889 

2-3 

50-7 

-•Oil 

-•060 

180-978 

889 

889 

890 

31 

53-8 

+  •002 

-•058 

178-820 

890 

890 

891 

31 

56-9 

+  •014 

-•044 

172-538 

891 

891 

892 

3-7 

60-6 

-•015 

-•059 

180-738 

892 

892 

893 

3-3 

63-9 

-•027 

-•086 

187-733 

893 

*See  next  page. 
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RESULTS  OF  PRECISE  LEVELLING 
GRENVILLE,  QUE.,  TO  PRESCOTT,  ONT. 
Run  by  F.  B.  Reid. 


Bench-Mark 

Distance 

Distance 

Discrepancy 

between 

from 

Elevation 

successive 

bench- 

above 

Bench-Mark 

bench- 

mark 

mean 

From 

To 

marks 

Partial 

Total 

sea  level 

No. 

No. 

Miles 

JVliies 

Feet 

Feet 

r  eet 

INO. 

mm  893 

894 

0-7 

64-6 

--006 

-092 

193  584 

894 

894 

490 

11 

65-7 

--014 

--106 

194  246 

490* 

894 

895 

0- 

+  -026 

-066 

9->7  fifta 

COii 

895 

896 

1  Q 

71  ft 

—  •007 

—  -073 

99A  "ilA 

030 

896 

897 

0.7 

•000 

--073 

997  fiSQ 

I • ooy 

CQ7 

oy/ 

897 

898 

O  1 

-•008 

--081 

QOQ 

oyo 

898 

899 

2-3 

78-7 

+  •004 

-•077 

238-823 

899 

899 

900 

Q1  .ft 
ol  •  0 

-•024 

--101 

Old  ft91 

yuu 

900 

901 

-026 

-•127 

^4.)  •  loo 

901 

901 

902 

1  .7 

fift.Q 

+  •007 

-•120 

99J.  99ft 

yuj 

9  ft 

oy  •£) 

 1  A1 

yUo 

903 

904 

i  •  i 

on.  ft 

+  •016 

-085 

97*?  5^79 

AA^ 

904 

905 

0-4 

91-0 

-•007 

--092 

264-714 

905 

904 

906 

31 

93-7 

+  .016 

--069 

249-288 

906 

906 

907 

2-5 

96-2 

-•019 

--088 

2.54-819 

907 

907 

908 

10 

97-2 

+  •008 

-080 

247-965 

908 

908 

909 

3-2 

100-4 

-•002 

-•082 

281  055 

909 

909 

910 

2-1 

102-5 

+  •019 

-•063 

274-717 

910 

910 

911 

3-5 

106-0 

+  •001 

-•062 

279-490 

911 

911 

912 

2-6 

108-6 

-•016 

-•078 

285-627 

912 

912 

118 

1-7 

110-3 

-013 

-•091 

288-676 

118* 

118 

913 

1-3 

111-6 

--001 

--092 

268-347 

913 

913 

914 

0-2 

111-8 

-•003 

--095 

300-829 

914 

914 

119 

0-6 

112-4 

+  •001 

-•094 

313-837 

119* 

♦The  observed  elevations  of  the  junction  bench-marks  92,  490,  118,  and  119  were,  respectively,  136-273,  i94'360,  288-893,  and 
N  314-060.   See  Note  after  description  of  bench-mark  93  (Table  I). 
Connections  with  Public  Works  Dept's  bench-marks:— 

CCCCLI— Hawkesbury  Roman  Catholic  church,  Elev.  147-513. 

DLXII—G.T.R  station,  Cornwall,  Elev.  194  094. 

DLXXX— G.T.R.  culvert,  Cornwall  Jet.,  Elev.  196-026. 


22 


Geodetic  Survey  of  Canada 


RESULTS  OF  PRECISE  LEVELLING 
IVANHOE  TO  TORONTO,  ONT. 
Run  by  W.  N.  McGrath  and  F.  B.  Reid 


Bench-Mark 

Distance 

Distance 

Discrepancy 

between 

from 

Elevation 

successive 

bench- 

above 

Bench-Mark 

bench- 

mark 

mean 

From 

To 

marks 

113 

Partial 

Total 

sea  level 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

179-G 

107-1 

+ 

067 

586-659 

179-G 

179-G 

187-G 

30 

110-1 

— -018 

+ 

049 

616^682 

187-G 

187-G 

188-G 

2-8 

112-9 

-022 

+• 

027 

556-3.54 

188-G 

188-G 

189-G 

3-4 

116-3 

-•018 

+  • 

009 

579-882 

189-G 

189-G 

190-G 

4-8 

121-1 

+  •008 

+  • 

017 

629 • 798 

190-G 

190-G 

191-G 

2-3 

123-4 

-{-•009 

+  • 

026 

639-274 

191-G 

191-G 

192-G 

2-1 

125-5 

— -008 

+ 

018 

640-805 

192-G 

192-G 

193-G 

2-9 

128-4 

-•006 

+ 

012 

644-532 

193-G 

193-G 

194-G 

2-8 

131-2 

+  •001 

+ 

013 

701-996 

194-G 

194-G 

193_G-2 

0-6 

131-8 

•000 

+  -013 

698-643 

193-G-2 

194-G 

195-G 

3-8 

135-0 

+  •001 

+  -014 

684-705 

195-G 

195-G 

196-G 

1-3 

136-3 

-•003 

+  •011 

677-081 

196-G 

196-G 

197-G 

21 

138-4 

-Oil 

000 

732-014 

197-G 

197-G 

198-G 

5-4 

143-8 

+  •002 

+  •002 

704-790 

198-G 

198-G 

199-G 

2-7 

146-5 

+  019 

+ 

021 

692-663 

199-G 

199-G 

200-G 

2-0 

148-5 

+  -002 

+ 

023 

694-012 

200-G 

200-G 

201-G 

2-7 

151-2 

+  -020 

+ 

043 

672-145 

201-G 

201-G 

202-G 

2-7 

153-9 

-i--026 

+  •069 

637-436 

202-G 

202-G 

203-G 

1-5 

155-4 

+  •012 

+  •081 

673-365 

203-G 

203-G 

204-G 

1-3 

156-7 

—  014 

+  •067 

634-497 

204-G 

204-G 

205-G 

0-8 

157-5 

+  •003 

+ 

070 

644-963 

205-G 

205-G 

206-G 

31 

160-6 

-•018 

+  •052 

629-593 

206-G 

206-G 

207-G 

3-3 

163-9 

-  001 

+  051 

636-484 

207-G 

207-G 

208-G 

30 

166-9 

+  •017 

+  •068 

697  - 105 

208-G 

208-G 

209-G 

3-3 

170-2 

4- -029 

+  •097 

840-213 

209-G 

209-G 

210-G 

1-5 

171-7 

+  001 

+  •098 

893-540 

210-G 

210-G 

211-G 

20 

173-7 

+  -009 

+ 

•107 

967-287 

211-G 

211-G 

212-G 

2-5 

176-2 

-i--007 

+ 

•114 

1044-932 

212-G 

212-G 

213-G 

1-6 

177-8 

+  016 

+ 

•130 

1072-488 

213-G 

213-G 

214-G 

21 

179-9 

--021 

+ 

•109 

1090-374 

214-G 

214-G 

215-G 

2-4 

182-3 

+  011 

+ 

•120 

1099-638 

215-G 

215-G 

216-G 

4-4 

186-7 

+  025 

+ 

•145 

1056-731 

216-G 

216-G 

217-G 

4-6 

191-3 

+  •023 

+ 

•168 

1028-773 

217-G 

217-G 

218-G 

21 

193-4 

+  014 

+ 

•182 

961-733 

218-G 

218-G 

219-G 

2-9 

196-3 

-•005 

+ 

•177 

870-963 

219-G 

219-G 

220-G 

2-9 

199-2 

-009 

+ 

•168 

852-810 

220-G 

220-G 

221-G 

2-6 

201-8 

-017 

+ 

•151 

820-468 

221-G 

221-G 

222-G 

1-7 

203-5 

-015 

+ 

-136 

818-233 

222-G 

222-G 

223-G 

31 

206-6 

+  012 

+ 

•148 

810,017 

223-G 

223-G 

224-G 

21 

208-7 

+  024 

+ 

•172 

729  197 

224-G 

224-G 

225-G 

2-4 

2111 

+  023 

+ 

•195 

633-175 

225-G 

225-G 

226-G 

1-3 

212-4 

+  006 

+ 

•201 

664-809 

226-G 

226-G 

227-G 

2-4 

214-8 

+  005 

+ 

•206 

565-714 

227-G 

227-G 

228-G 

1-7 

216-5 

-007 

+ 

•199 

532-707 

228-G 
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RESULTS  OF  PRECISE  LEVELLING 
IVANHOE  TO  TORONTO,  ONT. 
Run  by  W.  N.  McGrath  and  F.  B.  Reid. 


Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
113 

Discrepancy 

Elevation 
above 
mean 
sea  level 

Bench-Mark 

From 

To 

Partial 

Total 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

228-G 

229-G 

30 

219-5 

+  -002 

+  •201 

559^687 

229-G 

229-G 

230-G 

1-6 

221-1 

+  003 

+  -204 

566-110 

230-G 

230-G 

231-G 

20 

223-1 

•000 

+  -204 

557-692 

231-G 

231-G 

232-G 

20 

225- 1 

+  •006 

+  -210 

461  016 

232-G 

232-G 

233-G 

1-8 

226-9 

+  •006 

+  -216 

410  169 

233-G 

233-G 

234-G 

20 

228-9 

+  005 

+  -221 

425-869 

234-Ci 

234-G 

235-G 

1-3 

230-2 

+  014 

+  •235 

399-410 

235-Ci 

235-G 

189 

2.30-2 

-004 

+  •231 

405-106 

1 

189* 

*  The  observed  elevation  of  the  junction  bench-mark  189  was  404-754. 
Connections  with  Public  Works  Dept's  bench-marks: — 

MCCXXII— Trent  Canal  lift-bck,  Peterboro,  Elev.  636-503. 

MCCXXI— C.P.R.  bridge  over  Otonabee  river,  Peterboro,  Elev.  631-356. 

DCXXII— Old  C.P.R.  station,  North  Toronto,  Elev.  403-401. 


RESULTS  OF  PRECISE  LEVELLING 
BETHANY  TO  PORT  HOPE,  ONT. 

Run  by  F.  B.  Reid 


Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
209-G 

Discrepancy 

Elevation 
above 
mean 
sea  level 

BENCH-^L^RK 

From 

To 

Partial 

Total 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

209-G 

915 

916 

917 

918 

919 

920 

209-G 

915 

916 

917 

918 

919 

920 

172-A 

3^2 
15 
5^8 
32 
4^0 
4-3 
10 

3-  2 

4-  7 
10-5 
13  7 
177 
220 
230 

+  •007 
+  013 
-031 
-•029 
-017 
+  •034 
+  •008 

+  007 
+  020 
-Oil 
-040 
-057 
-023 
-015 

840-213 
819-551 
701-538 
806-809 
630-602 
480-661 
310-087 
267-835 

209-G 

915 

916 

917 

918 

919 

920 

172-A* 

172-A 

172 

0-1 

23  1 

+  004 

-Oil 

257  027 

172 

172 -A 
921 

921 
173 

0-3 
0-3 

23-3 
23-6 

-007 
+  003 

-022 
--•019 

271-471 
287-835 

921 
173* 

*  The  observed  elevations  of  the  junction  bench-marks  172-A  and  173  were  respectively  267-297  and  287  •311. 
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RESULTS  OF  PRECISE  LEVELLING 
MYRTLE  TO  WHITBY,  ONT. 
Run  by  F.  B.  Reid 


Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
219-G 

Discrepancy 

Elevation 
above 
mean 

sea  level 

Bench-Mark 

From 

To 

Partial 

Total 

No. 

No. 

Miles 

Miles 

Feet 

Feet 

Feet 

No. 

219-G 

870-963 

219-G 

219-G 

922 

3-4 

3-4 

-004 

-•004 

611501 

922 

922 

923 

1-2 

4-6 

-f-004 

—  000 

539-338 

923 

923 

924 

2-5 

71 

-004 

-004 

471-496 

924 

924 

925 

30 

101 

+  •002 

-•002 

359-489 

925 

925 

926 

1-3 

11-4 

-•005 

-007 

314-060 

926 

926 

180-A 

1-9 

13-3 

-•008 

-•015 

288-846 

180-A* 

180-A 

927 

1-4 

14-7 

-•006 

-•021 

250-356 

927 

♦  The  observed  elevation  of  the  junction  bench-mark  130-A  waa  2S8-379. 


RESULTS  OF  PRECISE  LEVELLING 
NORTH  TORONTO  TO  MIMICO,  ONT. 
Run  by  F.  B.  Reid 


Bench-Mark 

Distance 
between 
successive 
bench- 
marks 

Distance 
from 
bench- 
mark 
235-G 

Discrepancy 

Elevation 
above 
mean 
sea  level 

Bench- 
mark. 

From 

To 

Partial 

Total 

No. 

235-  Ct 

236-  G 

237-  G 

No. 

235-  G 

236-  G 

237-  G 

238-  G 

Miles 

Miles 

Feet 

Feet 

Feet 

399-410 
403-280 
398-935 
395-794 

No. 

235-  Ct 

236-  G 

237-  G 

238-  Ct 

0-  9 

1-  3 
1-4 

0-9 

2-  2 

3-  6 

-•008 
-•006 
-^•004 

-•008 
--014 
--010 

238-G 

239-G 

1-2 

4-8 

239-G  t 

238-G 

240-G 

0-4 

4-0 

+  •005 

-•005 

389-790 

240-G 

238-G 

241-G 

11 

4-7 

+  -002 

-•008 

390-399 

341-G 

241-G 

242-G 

1-5 

6-2 

+  •004 

-•004 

396-424 

242-G 

242-G 

243-G 

1-2 

7-4 

+  010 

+  •006 

399-294 

243-G 

243-G 

244-G 

10 

8-4 

+  •015 

+  •021 

397-692 

244-Ct 

244-G 

245-G 

2-7 

11-1 

+  023 

+  •044 

316-081 

245-G 

245-G 

191 

1-3 

12-4 

+  017 

+  •061 

288-356 

191* 

t  The  elevation  of  bench-mark  239-G  has  not  yet  been  determined. 
*  The  observed  elevation  of  the  junction  bench-m:wk  191  was  255 -353. 
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TABLE  III. 

RAIL  ELEVATIONS,  MONTREAL  TO  HULL,  QUE. 
(Elevations  taken  in  1917  and  1918) 

FEET. 

Canadian  Pacific  Railway — Montreal,  Place  Viger  Station   58- 1 

"  Hochelaga   77-2 

"  Angus   160-3 

Mile  End   222  -7 

"  Breslay  (signal  tower)   193-9 

"  Jacques  Cartier  Junction   98-2 

"  Bordeaux   75-4 

"  Riviere-des-Prairies;  water,  June  12,  1917,  56-8;  rail   73-8 

"  Laval  Rapides   74-3 

"  St.  Martin   107-2 

"  St.  Martin  Junction   109-2 

"  Ste.  Rose   90  0 

"  Riviere-des-Milles  lies;  water,  June  13,  1917,  69-0;  rail   89-5 

"  Rosemere   91-3 

"  Ste.  Therese   121-3 

"  St.  Augustin   223-4 

"  Ste.  Scholastique  .j   237-2 

"  St.  Hermas   255-3 

"  Lachute   228-0 

"  North  river;  water,  September  20,  1917,  194-0;  rail   209-1 

"  Canadian  Northern  railway  (diamond  crossing)   250-0 

"  Staynerville   260-2 

"        .  Chatboro   311-8 

"  Magnesite   256-4 

"  Grenville   209-1 

"  Calumet   195  0 

"  Rouge  river;  water,  October  9,  1917,  132-9;  rail   178-1 

"  Pointe-au-Chene  :   187-1 

"  Fassett  169-9 

"  Kinonge  river;'  water,'  bctober'26,  1917^  128-9;  rail . .  .  .  .    .  .  .  .  161-4 

"  Montebello   170-7 

"  Papineauville   155-0 

'  "  Plaisance   187-2 

"  Petite  Nation  river;  water,  May  9,  1918,  134-7;  rail   185-7 

Thurso   185-9 

"  Blanche  river:  water.  May  14,  1918,  135-5;  rail   170-7 

Lochaber   180-5 

"  Buckingham  Junction   190  0 

"  Lievre  river;  rail  at  centre  of  bridge   188-3 

"  Angers   187-5 

"  Little  Blanche  river;  water.  May  20,  1918,  143-4;  rail   168-9 

"  Blanche  river;  water.  May  22,  1918,  137-8;  rail   154-8 

"  East  Templeton   159-3 

"  Gatineau   178-2 

"  Gatineau  river;  water,  May  25,  1918,  138-7;  rail   182  1 

"  Canadian  Pacific  railway,  Ottawa-Maniwaki  line  (under  crossing) 

rail  151-7;  North  Shore  line  rail   177-1 

Hull   190-9 

RAIL  ELEVATIONS,  ST.  MARTIN  JUNCTION  TO  THREE  RIVERS,  QUE. 

(Elevations  taken  in  1917) 

Canadian  Pacific  Railway— St.  Martin  Junction   109-2 

LeCap   100-5 

"  St.  Vincent-dt-Paul   72-1 

"  De  Sales   54-3 

"  Riviere-des-Milles  lies;  water,  June  23,  1917,  26-7;  rail    54-4 

"  Terrebonne   59-6 

"  -  Mascouche   62-8 

"  Mascouche  river;  water,  July  9,  1917,  26-4;  rail   62-2 

"  Cabane  Ronde   59  -2 

"  L'Epiphanie   72-7 

"  Canadian  Northern  railway  (diamond  crossing)   72-7 

"  Achigan  river:  water,  July  7,  1917,  24  0;  rail   72-4 

"  St.  Esprit  river:  water,  July  7,  1917,  26-8;  rail   68-3 

"  L'Assomption  river;  water,  July  11,  1917,  24-2;  rail   63-3 

"  Vaucluse   76-0 
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RAIL  ELEVATIONS,  ST.  MARTIN  JUNCTION  TO  THREE  RIVERS,  Q\JE.— Continued. 

(Elevations  taken  in  1917) 


Canadian  Pacific  Railway — Lavaltrie   85-3 

"                     Lanoraie   68-4 

"                      Paquette   84-4 

"                     Chaloupe  river,;  water  July  19,  1917,  21-8;  rail   56-6 

"                     Berthier  Junction   36-7 

"                     Bayonne  river;  water,  July  21,  1917,  16-4;  rail   37  0 

"                     Chicot  river;  water,  July  23,  1917,  16  0;  rail   37-9 

"                     St.  Cuthbert   37-8 

"                     St.  BartMlemi   33-0 

"                     Maskinonge  river;  water,  August  8,  1917,  17-6;  rail   48-8 

"                      Maskinonge   48-9 

"                      Louise  ville  ,.  42-4 

"                     Riviere-du-Loup;  water,  August  10,  1917,  15-9;  rail   44-2 

"                     Yamachiche   33-8 

"                     Yamachiche  river;  water,  August  11,  1917,  23-6;  rail   43-5 

"                     Pointe-du-Lac   67-7 


RAIL  ELEVATION,  GRENVILLE.  QUE.  TO  PRESCOTT,  ONT. 
(Elevations  taken  in  1918) 

Canadian  Pacific  Railway — Grenville   209  1 

Canadian  Northern  Ry.  Grenville   174-5 

*'  Grenville  canal;  water  128-6;  rail   174-8 

"  Ottawa  river;  water,  May  29,  1918,  117;  rail  (centre  of  bridge)   174-5 

"  Hawkesbury   162-4 

Grand  Trunk  Railway  Hawkesbury   142-9 

"  Canadian  Northern  railway  (diamond  crossing)   159-9 

"  Canadian  Pacificrailway, Ottawa- Vaudreuil  line  (diamond  crossing).  263-8 

Vankleek  Hill   296  0 

Rigaud  river;  water,  June  10,  1918,  194-2;  rail   214-8 

Dalkeith   229-1 

Glen  Sandfield   237-8 

Glen  Robertson   263-1 

"  Interprovincial  boundary,  Ontario-Quebec   244-6 

Ste.  Justine   247-3 

"  Canadian  Pacific  railway,  diamond  crossing  at  St.  Poly carpe  Junction .  194  - 1 

St.  Polycarpe   177-6 

Canadian  Pacific  Railway — Delisle  river;  water,  June  17,  1918,  157-7;  rail   193-8 

*'  Soulanges,  junction  switch   200-5 

Laberge   210-2 

Baudet  river;  water,  June  17,  1918,  183-2;  rail   197-7 

Bridge  End   198-5 

"  North  Lancaster   186-5 

Glen  Gordon   182-3 

Williamstown   182-1 

Raisin  river;  water,  June  27,  1918,  157-6;  rail   181-6 

Glenbrook   176-6 

"  Grand  Trunk  railway,  main  line  (diamond  crossing)   191  0 

Cornwall     182-7 

Grand  Trunk  Railway  Cornwall   192-9 

"  Ottawa  &  New  York  railway,  diamond  crossing  at  Cornwall  Junction.  201-7 

Mille  Roches   226-0 

Moulinette   233-6 

Wales  -.   237-3 

Farran  Point   242-6 

AultsviUe   247-6 

Morrisburg   271-1 

"  Iroquois   245-1 

Cardinal   278-8 

"  Canadian  Pacific  railwav,  Ottawa-Prescott  line  (under  crossing)  rail, 

284-6;  G.T.R.  rail   304-6 

Prescott  "     310-9 

Canadian  Pacific  Railway — Prescott   260-3 
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RAIL  ELEVATIONS,  IVANHOE  TO  TORONTO,  ONT. 

(Elevations  taken  in  1916  and  1918) 

Canadian  Pacific  Railway — Ivanhoe   610-3 

"                     Peterson   561-2 

"         .            Canadian  Northern  railway,  Trenton  Maynooth  line,  diamond  cross- 
ing at  Bonarlaw   598-3 

"                     Crow  river;  water,  October  16,  1916,  582-9;  rail   600-4 

Tiffin   644-3 

Havelock   701-0 

"                     Norwood   671-9 

Asphodel  (flag  station)   728-5 

Indian  River   710-3 

Otonabee   677-1 

Trent  canal;  water  632  0;  rail   640-6 

"                     Otonabee  river;  water,  Aug.  22,  1918,  620-5;  rail   632-5 

Peterboro   631-4 

"                     Grand  Trunk  railway.  Port  Hope-Peterboro  line  (diamond  crossing).  636-8 

Kendry  (flag  station)   656-9 

"                     Cavan   645-6 

"  Grand  Trunk  railway,  Millbrook-Omemee  Junction  line  (under 

crossing)  rail  839-1;  CP. R.  rail   864-7 

"                     Bethany  Junction   855-5 

"                     Manvers   969-1 

Pontypool   1,067-1 

Burketon   1,057-0 

Brady   1,064-1 

Myrtle   888-8 

"  Grand  Trunk  railway,  Whitby-Lindsay  line  (overhead  crossing) 

rail  893  0;  C.P.R.  rail   870-4 

"               -      Dagmar   861-0 

Glen  Major   843-5 

Claremont   887-0 

Atha  Road   747-5  ' 

Locust  Hill   666-2 

Little  Rouge  creek;  water,  Sept.  17,  1918,  597-7;  rail   636-7 

Rouge  creek;  water,  Sept.  17,  1918,  483-1;  rail   526-3 

"                     Browns  Corner   563-4 

"                      Agincourt   565  -  5 

"  Grand   Trunk  railway,    Lindsay-Scarboro  Junction  line  (under 

crossing)  rail  543-7;  C.P.R.  rail   570-2 

Wexford   537-6 

"  Canadian   Northern  railway  (under  crossing)  rail  373-8;  C.P.R. 

rail  (eastbound  track)   458-0 

Donlands   448-8 

Leaside   430-2 

"                     North  Toronto  (centre  of  Yonge  street  subway)   417-2 


RAIL  ELEVATIONS,  PETERBORO  TO  PORT  HOPE,  ONT. 


(Elevations  taken  in  1918) 

Grand  Trunk  Railway — Peterboro  '.   647  -6 

"                   Canadian  Pacific  railway,  main  line  (diamond  crossing)   636-8 

"                  Millbrook ,  Peterboro  track   768  -6 

Millbrook,  Omemee  Junction  track   770-0 

Carmel   908-3 

"                   Campbellcroft   627-3 

"                  Perry  town  *   642-1 

"                  Quay  .-   475  •  5 

Smith  creek;  water,  August  2,  1918,  310-9;  rail   328-5 

"  Canadian  Northern  railway,  Toronto-Ottawa  line  (overhead  crossing) 

rail  348-8;  G.T.R.  rail   304-8 

Smith  creek;  water,  August  2,  1918,  292-2;  rail   298-1 

"                  Smith  creek;  water,  August  2,  1918,  272-9;  rail   280-8 

"                  Port  Hope  (centre  of  Walton  street)   278-3 

Canadian  Pacific  railway,  Lake  Ontario  Shore  line  (overhead  crossing) 

rail  294-6;  G.T.R.  rail   270-0 

"                  Port  Hope  Junction   286-8 
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RAIL  ELEVATIONS,  MYRTLE  TO  WHITBY,  ONT. 

(Elevations  taken  in  1918) 

Grand  Trunk  Railway— Myrtle   822-0 

Brooklin   537-3 

"  Canadian  Northern  railway,  Toronto-Ottawa  line  (diamond  crossing) . . .  480-8 

Canadian  Northern  Ry— Brooklin   476-2 

Grand  Trunk  Railway — Canadian  Pacific  railway,  Lake  Ontario  Shore  line  (diamond  crossing) . .  299-3 

"  Toronto  and  Eastern  (electric)  railway,  diamond  crossing   291-5 

"  Whitby  (town  station)   286-2 

"  Whitby  Junction   276  -3 


RAIL  ELEVATIONS,  NORTH  TORONTO  TO  MIMICO,  ONT. 
(Elevations  taken  in  1918) 

FEET 

Canadian  Pacific  Railway — North  Toronto  (centre  of  Yonge  street  subway)   417-2 

"  Grand  Trunk  railway,  Toronto-North  Bay  line  (diamond  crossing)..  397-6 

"  Grand  Trunk  railway,  Toronto-Stratford  line  (diamond  crossing)....  396-0 

"  Canadian  Pacific  railway,  Toi-onto-Sudbury  line  (diamond  crossing).  396-0 

"  West  Toronto   390-4 

"  Lambton   398-8 

"  Humber  river;  rail  on  bridge   399-6 

"  Toronto  Suburban  (electric)  railway,  under  crossing,  rail  381-4; 

C.P.R.  rail   402-6 

Islington   402-7 

"  Obico,  junction  switch   399-6 

"  Canpa,  junction  switch   317-9 
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INDEX 

ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND   VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED 


Note.— Under  "Year  of  Publication." 

1912  refers  to  Vol.  I,    No.  2*,  "Publications  of  the  Dominion  Observatory! 

1913  "       Vol.  I,     No.  3, 

1914  "       Vol.  I,     No.  8, 

1915  "       Vol.  II.  No.  1, 

1916  "       Vol.  Ill,  No.  6, 

1917  "       Vol.  III.  No.  8, 

1918  "      Publication  No.  1,  Geodetic  Survey  of  Canada. 

1919  "       the  present  publication. 
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1918 

15 

36 

264-B 

1917 

247 

290 

408 

1913 

66 

86 

240-C,  241-C 

1916 

167 

188 

76-D,  77-D 

1915 

25 

38 

444-B 

1915 

12 

29 

446-B 

1915 

12 

29 

623 

1915 

16 

32 

65-F 

1916 

165 

187 

Place 


Abbotsford,  B.C.... 
Abbottsford,  Que  — 

Abercorn,  Que  

Actonvale,  Que  

Adamsville,  Que  

Agincourt,  Ont  

Ailsa  Craig,  Ont  

Alameda,  Sask  

Albert  Canyon,  B.C. 

Alcove,  Que  

Aldergrove,  B.C  

Algoma,  Ont  

Alix,  Alta  

Allenford,  Ont  

Alliston,  Ont  

Almonte,  Ont  

Alton,  Ont  

Amherst,  N.S  

Andover,  N.B  

Angers,  Que  

Antigonish,  N.S  

Apohaqui,  N.B  

Appin,  Ont  

Apple  Hill,  Ont  

Ardendale,  Ont  

Ardrossan,  Alta  

Argyle,  N.S  

Arnprior,  Ont  

Aroostook,  N.B  

Artland,  Sask  

Ashcroft,  B.C  

Asquith,  Sask  

Athalmer,  B.C  

Atwood,  Ont  

Auburn,  N.S  

Aultsville,  Ont  

Avondale,  N.S  

Avonmore,  Ont  

Ayers  Cliff,  Que  

Aylesbury,  Sask  

Azilda,  Ont  


N.B. 


Baden,  Ont. . 
Baker  Brook, 

Bala,  Ont  

Banff,  Alta  

Barons,  Alta  

Barrington,  N.S  

Barrington  Passage,  N.S. 

Barrys  Bay,  Ont  

Bashaw,  Alta  


•  The  bench-mark  numbers  in  this  publication  (Yukon  levelling)  follow  a  eeriee  independent  of  those  in  the  later  pub- 
lications; in  order  to  distinguish  them  they  are  printed  is  italics  in  the  "B.M.  Number"  column. 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Continued. 


Place 


Bath,  N.B  

Bayfield,  N.S  

Beamsville,  Ont  

Beaudette,  Minn  

Beavermouth,  B.C. . . 

Bedford,  Que  

Bedford,  N.S  

Beecher  Falls,  Vt  

Beeton,  Ont  

Beiseker,  Alta  

Belgrave,  Ont  

Bellamy,  Ont  

Belle  River,  Ont  

Belleville,  N.S  

Belleville,  Ont  

Beloeil,  Que  

Bennett,  B.  C  

Benton,  N.B  

Berthier  Jet.,  Que  

Berwick,  N.S  

Bethany  Jet.,  Ont  

Bethune,  Sask  

Bienfait,  Sask  

Biggar,  Sask  

Blackie,  Alta  

Bladworth,  Sask  

Blaine,  Wash  

Blairmore,  Alta  

Blind  River,  Ont  

Bloomfield.  N.B  

Blue  River,  B.C  

Blue  vale,  Ont  

Blyth,  Ont  

Boharm,  Sask  

Boiestown,  N.B  

Boissevain,  Man  

Bolton,  Ont  

Bonarlaw,  Ont  

Bordeaux,  Que  

Both  well,  Ont  

Boundary  Creek,  N.B 

Bow  Island,  Alta  

Bowmanville,  Ont  

Braeburn,  Y.T  

Brant,  Alta.  

Brantford,  Ont  

Breslau,  Ont  

Bridgeburg,  Ont  

Bridgewater,  N.S  

Brierly  Brook,  N.S... 

Brighton,  Ont. .  

Bristol,  N.B  

Britannia  Mills,  Que. . 
Brock ville,  Ont  

Brome,  Que  

Bromptonville,  Que. . . 

Brooklin,  Ont  

Brookport,  Que  

Bruce,  Alta  

Bruce  Mines,  Ont  

Brucefield,  Ont  

Brunswick,  N.B  

Brussels,  Ont  

Buckingham  Jet.,  Que 

Bull  River,  B.C  

Burdett,  Alta  

Burketon,  Ont  

Burlington  Jet.,  Ont. . . 
Bury,  Que  


B.M.  Number 

Year  of 
Publication 

Description 

Elevatioi 

Page 

Page 

OK  Ti 

1917 

276 

314 

1  T> 

1/  l-ti 

1913 

4o 

/  0 

204 

1913 

CO 
DO 

0  R 
00 

16-E 

1914 

226 

239 

284-C 

1917 

269 

OAA 

ouy 

DO 

1917 

01  Q 
6I0 

506-B 

1916 

144 

t  "71 
1/1 

562-B 

1916 

153 

1  OA 

loO 

379 

1913 

64 

00 

48-F 

1916 

164 

lo/ 

316 

1913 

61 

01 
06 

1917 

OAQ 

jyo 

252 

1913 

57 

01 

ol 

459-B 

1915 

13 

OA 

156  to  157-A-2 

1917 

288 

000 

606-B 

1918 

n 

10 

32— R 

1912 

09 
iSO 

9Q 

Z6 

10  "D 

lo-x5 

1917 

Z/0 

616 

1919 

y 

1  Q 

ly 

AQQ  Ti 

1916 

145 

1/D 

OAA            0 1 A  /"^ 

zuy-vjr,  ziu-lt 

1919 

1  A 

1* 

Lit 

9-D 

1913 

/I 

OA 

yu 

61-C 

1913 

oy 

12-H 

1915 

OA 

O/l 

63- D 

1915 

OA 

19-D 

1914 

227 

O/l  A 

19- J 

1916 

1  AA 

loy 

1  on 

lyu 

1  AO 

1917 

ORO 

0U4 , oUo 

1916 

1  tea 
loo 

lol 

111-B 

1913 

44 

ni 
10 

124-J,  125-J 

1918 

00 

'to 

313 

1913 

61 

Q1 
00 

317 

1913 

ol 

OQ 
00 

106-C 

1914 

OOA 

/41 

33-C 

1916 

1  CI 

151 

1  7Q 
1  lo 

31-C,  32-C 

1913 

67 

07 
0/ 

260 

1913 

CO 

00 

00  OR 

oZ,  oD 

189-G 

1919 

i  0 

13 

00 

828 

1919 

7 

-1  0 

lo 

243 

1913 

57 

01 

ol 

128-B 

1913 

45 

TO 

/o 

178-C,  179-C 

1915 

23 

QC 

177 

1913 

54 

/y 

57 

1912 

0*7 

97 

65-D 

1915 

26 

OQ 
00 

219,220 

1913 

55 

on 
oU 

94-F 

1918 

14 

0£t 
OD 

2 15- A 

1913 

64 

OR 
00 

409-B  to  411-B 

1915 

10 

OQ 

170-B 

1913 

47 

/4 

163 

1917 

288 

QOO 

6ZZ 

34-B 

1917 

276 

Q1  /4 

ol4 

625-B 

1918 

A 

y 

QO 

123, 124 

1917 

286 

321 

105-G,  106-G 

1917 

252 

OAO 

^0 

50 

1917 

282 

Q1Q 

olo 

648-B 

1918 

10 

OQ 
00 

923 , 924 

1919 

16 

24 

191/ 

OK 

45-H 

1916 

162 

186 

619 

1916 

156 

182 

329 

1913 

62 

84 

6-B 

1917 

275 

313 

312 

1913 

61 

83 

857 

1919 

8 

18 

135-D 

1917 

264 

305 

180-C.  181-C 

1915 

23 

35,  36 

216-G 

1919 

14 

22 

196 

1913 

55 

80 

13-A-2 

1913 

49 

76 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Conhnwed. 


Year  of 

B.M.  Number 

Publication 

Description 

Elevation 

Page 

Page 

139-G 

1917 

254 

299 

1-B 

1917 

275 

313 

512 

1915 

16 

32 

265 

1913 

58 

82 

265 

1918 

17 

37 

50-D,  51-D,  52-D 

1915 

27 

39 

39-F 

1916 

163 

187 

217-C,  218-C 

1916 

166 

188 

490-B 

1916 

148 

175 

918 

1919 

16 

24 

25-G,  26-G 

1916 

151 

177 

70-F,  71-F 

1916 

165 

187 

235-C 

1916 

167 

188 

622-B 

1918 

11 

33 

16-B 

1917 

276 

313 

26 

1913 

48 

75 

567-B 

1917 

247 

291 

684-B 

1919 

9 

910 

1919 

13 

21 

18-R 

1912 

24 

24 

49-C 

1913 

68 

88 

60-G,  61-G,  62-G 

1917 

249,  250 

293 

73-D,  74-D 

1915 

25 

38 

50-C 

1913 

68 

88 

108-C 

1914 

229 

241 

20-C 

1913 

67 

87 

467 

1914 

218 

234 

13(>-F 

1918 

16 

37 

208-G 

1919 

14 

22 

12-D 

1913 

72 

90 

71-D 

1915 

26 

38 

113-C 

1914 

229 

241 

342-C 

1918 

31 

45 

246-A,  247,  247- A 

1913 

57 

81 

373,  247 
49-G 

1914 

222 

236 

1916 

152 

178 

283 

1913 

59 

82 

MCLXXII 

1918 

X 

34 

30-H 

1915 

21 

34 

464 

1914 

218 

234 

295,  296 

1913 

60 

83 

401-B 

1915 

10 

28 

107 

1917 

285 

320 

34-J,  35-J 

1918 

24 

42 

191-C 

1915 

23 

36 

352-B 

1914 

216 

233 

98-J 

1918 

27 

43 

192 

1913 

55 

80 

520-B,  521-B 

1916 

145 

171 

29-J 

1918 

24 

42 

531-B 

1916 

145 

172 

320,  321 

1913 

62 

83 

20-J,  21-J 

1916 

169 

191 

14,  15,  16 

1917 

283 

319 

17-H 

1915 

20 

34 

171 

1913 

53 

79 

222-C,  223-C 

1916 

166 

188 

166 

1917 

288 

322 

491-B 

1916 

148 

175 

399-A 

1913 

65 

86 

105-D 

1917 

262 

304 

144 

1917 

287 

321 

10 

1917 

283 

319 

5-D 

1913 

71 

90 

139-B 

1913 

46 

74 

53-H 

1916 

163 

186 

lO-A-3,  11- A 

1913 

49 

76 

216-A 

1913 

55 

80 

273 

1913 

59 

82 

185-G 

1917 

257 

301 

Place 


Calabogie,  Ont.  _  

Calais,  Maine  

Caldwell,  Ont  

Caledon,  Ont  

<< 

Calgary,  Alta  

Cambridge,  N.S  

Campbellcroft,  Ont  

Campbellton,  N.B  

Camrose,  Alta  

Canmore,  Alta  

Canrobert,  Que  

Canterbury,  N.B  

Capelton,  Que  

Cap  St.  Ignace,  Que  

Cap  St.  Martin,  Que  

Cardinal,  Ont  

Cariboo,  Y.T..  

Carievale,  Sask  

Carleton  Place,  Ont  

Carmangay,  Alta  

Carnduff,  Sask  

Caron,  Sask  

Cartwright,  Man  

Cascades,  Que  

Cataract,  Ont  

Cavan,  Ont  •. . 

Chamberlain,  Sask  

Champion,  Alta  

Chaplin,  Sask  

Chase,  B.C  

Chatham,  Ont  

<< 

Chatham,  N.B....! ! .  . 

Chatsworth,  Ont  

Chaudiere,  Que  

Chauvin,  Alta  

Chelsea,  Que  

Chesley,  Ont  

Chester,  N.S  

Chesterville,  Ont  

Chilliwack,  B.C  

Chin,  Alta  

Chipman,  N.B  

Chu  Chua,  B.C  

Clarkson,  Ont  

Clarksville,  N.S  

Clayburn,  B.C  

Clifton,  N.S  

Clinton,  Ont  

Cloverdale,  B.C  

Coaticook,  Que  

Coblenz,  Sask  

Cobourg,  Ont  

Cochrane,  Alta  

Colborne,  Ont  

Coldbrook,  N.S  

Cold  water,  Ont  

Coleman,  Alta  

Collins  Bay,  Ont  

Compton,  Que  

Condie,  Sask  

Conn  Mills,  N.S  

Cooking  Lake,  Alta  

Cookshire,  Que  

Cope  town,  Ont  

Corbetton,  Ont  

Corby ville,  Ont  

t  Refer  to  Public  Works  Dept 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS   AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Con^int^ed. 


Place 

B.M.  Number 

Year  of 
Publication 

Description 

Elevation 

Page 

Page 

489,  490,  491 

1914 

219 

235 

893,  894 

1919 

12 

20,  21 

361 

1914 

221 

236 

Coteau  Jet.,  Que  

90 

1917 

284 

320 

815,  816,  817 

1918 

13 

35 

Courtright,  Ont  

363 

1914 

222 

236 

Coutts,  Alta  

216-Ct 

1915 

25 

37 

Cowley,  Alta  

97-D 

1917 

262 

304 

392 

1913 

65 

86 

Craik,  Sask  

16-D 

1913 

72 

90 

Cranbrook,  B.C  

172-D  to  174-D 

1917 

266 

307 

Creston,  B.C  

195-D,  196-D 

1917 

268 

307 

179-G 

1917 

257 

296 

Crowsnest,  B.C.  

109-D 

1917 

263 

304 

496 

1914 

220 

235 

Crystal  City,  Man  

16-C 

1913 

67 

87 

95 

1917 

285 

320 

Dalkeith,  Ont  

873,  874 

1919 

11 

20 

633-B 

1918 

10 

33 

Danville,  Que  

679-B 

1918 

12 

43 

Dauntless,  Alta  

171-C 

1915 

22 

35 

18-D 

1914 

227 

240 

Dawson,  Y.T  

223,  224. 

1912 

34 

34 

609 

1916 

156 

182 

Debec,  N.B  

20-B 

1917 

276 

313 

59-F 

1916 

165 

187 

36-C 

1913 

68 

88 

593-B,  594-B 

1918 

8 

32 

Denfield,  Ont  

338 

1913 

62 

84 

Denmark,  N.S  

149-B 

1913 

46 

74 

566,  567 

1915 

13 

31 

Derby  Jet.,  N.B  

47-G-2 

1916 

152 

178 

33-A 

1913 

49 

75 

687-B,  688-B 

1919 

9 

19 

Desbarats,  Ont  

622 

1916 

157 

182 

Devlin,  Ont  

27-E 

1914 

226 

239 

DeWinton,  Alta  

57-D 

1915 

26 

38 

Dinant,  Alta  

73-F 

1916 

165 

187 

8-D 

1913 

71 

90 

Doaktown,  N.B  

37-G 

1916 

151 

178 

294 

1913 

60 

83 

Dorchester,  N.B  

DCCCLXXXIX,  etc. 

1916 

t 

174 

66-F 

1916 

165 

lot 

657-B 

1918 

11 

34 

Drayton,  Ont  

123-F 

1918 

16 

37 

370 

1914 

222 

236 

91-C 

1913 

70 

89 

Duck,  B.  C  

348-C 

1918 

31 

45 

Duck  Lake,  Sask  

42-D 

1914 

228 

240 

Dundalk,  Ont  

274 

1913 

59 

82 

215 

1913 

55 

80 

Dundurn,  Sask  

25-D 

1914 

227 

240 

Dunmore,  Alta  

165-C 

1915 

22 

35 

44 

1917 

281 

317 

East  Pubnico,  N.S  

453-B 

1915 

13 

29 

44 

1917 

281 

317 

860,  861 

1919 

8 

18 

225 

1913 

55 

80 

Echo  Bay,  Ont  

626 

1916 

157 

182 

33-H 

1915 

21 

34 

Edmonton,  Alta  

58-H  to  61-H 

1916 

163 

186 

58-B,  59-B,  m-B 

1917 

278 

314 

81-H.  82-H 

1917 

272 

311 

514 

1915 

16 

32 

297 

1913 

60 

83 

t  Also  bench-mark  in  international  boundary  monument. 
|.  Refer  to  Public  Works  Dept. 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Con<mMe(/. 


Place 

B.M.  Number 

Year  of 
Publication 

Description 

Elevation 

Page 

Page 

Elora,  Ont  

117-F,  118-F 

1918 

16 

37 

TTIlvfl   AT  fin 

44-C 

1913 

68 

88 

Embrun,  Ont  

498 

1914 

220 

235 

Emerson,  Man  

3-C 

1913 

66 

87 

23-E,  24-E 

1914 

226 

239 

Enlaugra,  Que  

51 

1917 

282 

318 

Ensign,  Alta  

66-D 

1915 

26 

38 

Erin,  Ont  

129-F 

1918 

16 

37 

146 

1917 

287 

321 

115-C 

1914 

229 

241 

Estevan,  Sask  

62-C,  63-C 

1913 

69 

88 

Eureka,  Y.T  

187 

1912 

33 

33 

332,  333 

1913 

62 

84 

Fairville,  N.B  

96-B 

1917 

280 

316 

Farnham,  Que  

"  

62 

1917 

281 

317 

63,  64 

1917 

282 

318 

"   

623-B,  62 
899 

1918 

11 

,  33 

Farran  Point,  Ont  

1919 

12 

21 

Fass6tt,  Que  

847 

1919 

8 

18 

Fergus,  Ont  

119-F,  120-F 

1918 

16 

37 

67-F 

1916 

165 

187 

Fernie,  B.C  

121-D  to  123-D 

1917 

263 

305 

Field,  B.C  

260-C 

1916 

168 

189 

Finch,  Ont  

105 

1917 

285 

320 

495 

1914 

219 

235 

Findlater  Sask 

11-D 

1913 

72 

90 

277 

1913 

59 

82 

351 

1914 

221 

236 

Fort  Erie,  Ont  

215-A 

1913 

64 

85 

Fort  Frances,  Ont  

29-E,  30-E 

1914 

226 

239 

Fort  William,  Ont  

90-E  to  92-E 

1916 

161 

184 

47 

1917 

281 

317 

Frank,  Alta  

102-D 

1917 

262 

304 

708 

1917 

261 

303 

French  Village,  N.S  

393-B 

1915 

9 

28 

58-C 

1913 

69 

88 

Fulford,  Que  

56 

1917 

281 

317 

47-C 

1913 

68 

88 

Gait,  Ont  

81-F  to  82-F-2. 

1918 

14 

36 

17-D 

1913 

72 

90 

Glacier,  B.C  

294-C 

1917 

270 

309 

Glacier,  Y.T  

266 

1912 

36 

36 

Glencoe,  Ont  

241,  241-A 

1913 

56 

81 

52-C 

1913 

68 

88 

876,  877 

1919 

11 

20 

117-G 

1917 

253 

295 

325,  326,  327 

1913 

62 

83,  84 

Godfrey,  Ont  

150-G 

1917 

255 

300 

Golden,  B:C  

273-C 

1917 

269 

309 

Golden  Lake,  Ont  

515 

1915 

16 

32 

Goodlands,  Man  

38-C 

1913 

68 

88 

484 

1914 

219 

234 

14-E 

1914 

226 

239 

Grafton,  Ont  

168 

1913 

53 

79 

OU— r 

1916 

104 

1  Q7 
lot 

101-C 

1913 

71 

89 

Grand  Falls,  N.B  

46-B 

1917 

277 

314 

78 

1917 

280 

317 

Grand  Pr6,  N.S  

498-B 

1916 

149 

175 

Grandora,  Sask  

3-H 

1915 

19 

34 

182-C,  183-C 

1915 

23 

36 

Green  Ri\^r,  N.B  

54-B 

1917 

277 

314 

97 

1917 

285 

320 

Grenville,  Que  

842,  843 

1919 

7 

18 

865,  866 

1919 

10 

20 

4-C 

1913 

66 

87 

X  Refer  to  Public  Works  Dept. 
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Place 


Grimsby,  Ont  

Guelph,  Ont..  

Guelph  Jet.,  Ont  

Gull  Lake,  Sask  

Hague,  Sa&k  

Halbrite,  Sask  

Halifax,^  N.S  

Hallock,  Minn  

Hamilton,  Ont  

Hampton,  N.B  

Hanley,  Sask  

Hanover,  Ont  

Hantsport,  N.S  

Harlaka  Jet.,  Que  

Harrisburg,  Ont  

Harriston,  Ont  

Harrowsmith,  Ont... . 

Hartland,  N.B  

Hatton,  Sask  

Haveloek,  Ont  

Hawkesbury,  Ont. . . . 

Hawthorne,  Ont  

Heath,  Alta  

Henfryn,  Ont  

Herbert,  Sask  

Heron  Bay,  Ont  

Hespeler,  Ont  

Hillhurst,  Que  

Hillsburgh,  Ont  

Holden,  Alta  

Holland  Centre,  Ont. 

Holmesville,  Ont  

Holm  field,  Man  

Hope,  B.C  

Howick  Jet.,  Que  

Hubbards,  N.S  

Hull,  Que  

Humes,  Y.T  

Huntingdon,  B.C  

Hyde  Park  Jet.,  Ont. 

Iberville,  Que  

Ilderton,  Ont  

Indian  River,  Ont  

Irdian  River,  Y.T — 

Ingersoll,  Ont  

Inkerman,  Ont  

Irma,  Alta  

Iroquois,  Ont  

Irvine,  Alta  

Islington,  Ont  ! . . 

Ivanhoe,  Ont  

Jackfish,  Ont  

Jaffray,  B.C  

James  River,  N.S. . . 

Jasper,  Alta  

Jasper,  Ont  

Jeannette,  Ont  

Jordan,  Ont  

Juniata,  Sask  

Kakabeka  Falls,  Ont 

Kamloops,  B.C  

Kamloops  Jet.,  B.C.. 

Kazabazua,  Que  

Kearney,  Ont  

Keewatin,  Ont  


B.M.  Number 

Year  of 
Publication 

Description 

Elevati( 

■  ■ 

P&ge 

Page 

203 

1913 

63 

85 

90-F  to  92-F 

1918 

14 

36 

88-F,  89-F 

1918 

14 

36 

136-C 

1914 

230 

241 

38-D 

1914 

228 

240 

73-C 

1913 

69 

89 

.386-B,  387-B 

1915 

9 

28 

386-B,  387-B 

1916 

144 

171 

2-C 

1913 

66 

87 

198,  199,  200 

1913 

63 

85 

109-B 

1913 

44 

73 

23-D 

1914 

227 

240 

298,  299 

1913 

60 

83 

500-B 

1916 

149 

176 

219-B 

1913 

52 

77 

77-F 

1918 

14 

36 

303,  304 

1913 

61 

83 

154-G 

1917 

255 

300 

31-B 

1917 

276 

313 

151-C 

1915 

21 

35 

193-G-2 

1919 

13 

22 

867  to  869 

1919 

11 

20 

502 

1914 

220 

235 

34-H 

1915 

21 

34 

310 

1913 

61 

83 

118-C 

1914 

230 

241 

742,  742- A 

1918 

19 

39 

86-F 

1918 

14 

36 

13 

1917 

283 

319 

128-F 

1918 

16 

37 

46-H 

1916 

163 

186 

281 

1913 

59 

82 

322 

1913 

62 

83 

22-C 

1913 

67 

87 

42- J,  43- J 

1918 

24 

42 

87 

1917 

284 

320 

397-B 

1915 

9 

28 

459,  460 

1914 

217 

234 

1S2 

1912 

31 

31 

26-J,  27-J 

1916 

170 

191 

341 

1913 

63 

84 

74 

1917 

280 

317 

339 

1913 

63 

84 

198-G 

1919 

14 

22 

g05 

1912 

33 

33 

229,  230 

1913 

56 

80 

110 

1917 

285 

320 

39-H 

1916 

162 

185 

907,  908 

1919 

13 

21 

1915 

22 

35 

243-G,  244-G 

1919 

17 

25 

179-G 

1917 

257 

296 

757 

1918 

19 

39 

131-D,  132-D 

1917 

264 

305 

169-B 

1913 

47 

74 

104-H 

1917 

274 

97-G 

1917 

252 

298 

249-A 

1913 

57 

81 

205 

1913 

63 

85 

6-H 

1915 

19 

34 

85-E 

1916 

161 

184 

353-C  to  355-C 

1918 

31 

45 

87-J 

1918 

26 

43 

479 

1914 

218 

234 

552 

1915 

14 

31 

34-F 

1915 

19 

33 
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Place 

B.M.  Number 

Year  of 
Publication 

Description 

Elevation 

Page 

Page 

113 

1917 

286 

320 

Kemptville,  Ont  

113-A 

1913 

52 

78 

Kenaston,  Sask  

21-D 

1914 

227 

240 

523-B,  524-B 

1916 

145 

171 

Kenora,  Ont  

33-F,  37- F,  38-F 

1915 

19 

33 

Kentville,  N.S  

492-B  to  494-B 

1916 

148 

175 

Kilburn,  N.B  

37-B 

1917 

277 

314 

Killaloe,  Ont  

518,  519 

1915 

16 

32 

Killarney,  Man  

25-C 

1913 

67 

87 

677-B 

1918 

12 

44 

486-B 

1916 

148 

175 

Kingston,  Ont  

139,  141,  141-A,  142 

1917 

287 

321 

81-D 

1915 

25 

38 

Kippen,  Ont  

330 

1913 

62 

84 

Kirkcaldy,  Alta  

70-D 

1915 

26 

38 

465,  466 

1914 

218 

234 

Kitchener,  Ont  

95-F  to  97-F 

1918 

15 

36 

258 

1913 

58 

I  82 

Knowlton,  Que  

49 

1917 

282 

318 

Komoka,  Ont  

237-A 

1913 

56 

80 

Kootenay  Landing,  B.C  

204-D,  205-D 

1917 

268 

308 

Lac  Baker,  N.B  

267-B 

1917 

247 

290 

Lachute,  Que  

838 

1919 

7 

18 

Lacolle,  Que  

583-B 

1918 

8 

32 

Lake  Louise,  Alta.  

248-C,  249-C 

1916 

167 

189 

Lambton,  Ont  

242-G 

1919 

17 

25 

Landis,  Sask  

16-H 

1915 

20 

34 

Lanoraie,  Que  

697-B 

1919 

9 

19 

Lansdowne,  Ont  

130,  131 

1917 

286 

321 

Laprairie,  Que  

596-B 

1918 

8 

32 

132-G 

1917 

254 

299 

23.3-G 

1919 

15 

23 

Le  Cap,  Que  

684-B 

1919 

9 

19 

Leckford,  Sask  

41-D 

1914 

228 

240 

Leney,  Sask  

8-H 

1915 

19 

34 

Lennox ville.  Que  

6 

1917 

283 

319 

693-B 

1919 

9 

19 

Lepreau,  N.B  

89-B 

1917 

279 

316 

196-C  to  200-C 

1915 

24 

36 

83-D 

1915 

25 

38 

Levis,  Que  

221-B,  222-B 

1913 

52 

77 



222-B 

1916 

153 

179 

LTslet,  Que  

568-B 

1917 

248 

291 

307,  308 

1913 

61 

83 

Little  River,  Y.T  

34 

1912 

26 

26 

Liverpool,  N.S  

418-B,  419-B.  420-B 

1915 

11 

29 

Locust  Hill,  Ont  

226-G 

1919 

15 

23 

Londesborough,  Ont  

318 

1913 

61 

83 

235,  236 

1913 

56 

80 

Londonderry,  N.S  

CMLXXIX 

1916 

X 

172 

239-A 

1913 

56 

81 

Louise  ville.  Que    

705-B,  706-B 

1919 

10 

19 

Lousana,  Alta  

58-F 

1916 

165 

187 

Low,  Que  

476 

1914 

218 

234 

Lower  Argyle  N  S 

455-B 

1915 

Lower  East  Pubnico,  N.S  

452-B 

1915 

12 

29 

Lucan,  Ont  

114-F 

1918 

15 

36 

Lucan  Crossing,  Ont  

337 

1913 

62 

84 

337 

1918 

15 

36 

Lucerne,  B.C  

lU-H 

1918 

22 

41 

7-D 

1913 

71 

90 

125 

1917 

286 

321 

Lynden,  Ont  

217 

1913 

55 

80 

156-B 

1913 

47 

74 

Lyster,  Que  

660-B 

1918 

11 

34 

Lytton,  B.C  

62-J,  6;3-J 

1918 

25 

42 

Maccan,  N.S  

CM  XVI 

1916 

t 

173 

87-D,  88- D 

1917 

262 
69 

304 

Macoun,  Sask  

69-C 

1913 

89 

J  Refer  to  Public  Works  Dept. 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
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Place 

B.M.  Number 

Year  of 
Publication 

Description 

Elevation 

Page 

Page 

530,  531 

1915 

15 

32 

Madoc  Jet.,  Ont  

182-G 

1917 

257 

301 

40,  41,  41-A 

1917 

281 

317 

Maitland,  Ont  

121 

1917 

286 

320 

Malagash,  N.S  

144-B 

1913 

46 

74 

Mallorytown,  Ont  

128 

1917 

286 

321 

lie,  12-C 

1913 

66 

87 

Maple  Creek,  Sask  

145-C,  146-C 

1914 

231 

241 

279 

1913 

59 

82 

Marysville,  Ont  

152 

1917 

288 

321 

Mascouche,  Que  

689-B 

1919 

9 

19 

703-B,  704-B 

1919 

10 

19 

28-A 

1913 

48 

75 

857 

1919 

8 

18 

Massey,  Ont  

590 

1916 

155 

181 

Mather,  Man  

17-C 

1913 

67 

87 

Matsqui,  B.C  

30-J 

1918 

24 

42 

McAdam,  N.B  

11-B 

1917 

275 

313 

McBride,  B.C  

131-H 

1918 

23 

41 

McGivney  Jet.,  N.B  

333-B 

1914 

215 

233 

Meadowville,  N.S  

153-B 

1913 

46 

74 

Medicine  Hat,  Alta  

167-C,  168-C,  169-C 

1915 

22 

35 

40-C 

1913 

68 

88 

Medway,  N.S  

415-B 

1915 

10 

28 

Megantic,  Que  

21-A-2,  22-A 

1913 

50 

76 

271-A,  272 

1913 

59 

82 

Melita,  Man  

42-C,  43-C 

1913 

68 

88 

Melville,  Ont  

132-F 

1918 

17 

37 

Memramcook,  N.B  

549-B 

1916 

146 

174 

Merigomish,  N.S  

164-B 

1913 

47 

74 

Merrickville,  Ont  

84-G 

1917 

251 

295 

Merritton,  Ont  

209 

1913 

63 

85 

-Michel,  B.C  

114-D 

1917 

263 

304 

Michipicoten,  Ont  

698 

1917 

261 

303 

71-C 

1913 

69 

89 

Middle  ton,  N.S  

482-B,  483-B 

1916 

148 

175 

390 

1913 

65 

86 

Midnapore,  Alta  

54-D 

1915 

27 

39 

Milan,  Que  

18-A-2 

1913 

50 

76 

85-C 

1913 

70 

89 

Milk  River,  Alta  

213-C,  214-C 

1915 

25 

37 

Millbrook,  Ont  

915,  916 

1919 

15 

24 

Mille  Roches,  Ont  

895 

1919 

12 

21 

Millerton,  N.B   

47-G 

1916 

152 

17& 

Mimico,  Ont  

245-G 

1919 

17 

25 

Mine  Centre,  Ont  

42-E 

1916 

158 

183 

Minto,  Y.T  

106 

1912 

30 

30 

Mirror,  Alta  

63-F 

1916 

165 

187 

Mission,  B.C  

30-J 

1918 

24 

42 

Molson,  Man  

10-F 

1915 

17 

33 

84-D 

1917 

261 

304 

Monckland,  Ont  

102 

1917 

285 

320 

Moncton,  N.B  

132-B,  133-B,  134-B 

1913 

45 

73 

373-B,  374-B,  132-B 

1914 

217 

233 

132-B 

1916 

146 

174 

Monk,  Que  

385-B 

1917 

245 

289 

Montague,  Y.T  

69 

1912 

28 

2S 

28-G 

1917 

248 

292 

848,  849 

1919 

8 

18 

566-B 

1917 

247 

291 

Montreal,  Que  

807  to  825 

1918 

13,  14 

35 

811  to  813 

1918 

13 

35 

362 

1914 

221 

236 

94-C,  95-C,  96-C 

1913 

71 

89 
241 

<< 

103-C 

1914 

229 

7-C,  8-C 

1913 

66 

87 

Morrisburg,  Ont  

904,  905 

1919 

12 

21 

116-C,  117-C 

1914 

229 

241 

110-C 

1914 

229 

241 
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Place 


Mountain,  Ont  

Moyie,  B.C  

Mulgrave,  N.S  

Muniac,  N.B  

Murray ville,  B.C. 
Musquash,  N.B. . 

Myrtle,  Ont  

Mystic,  Que  


Nairn,  Ont  

Napadogan,  N.B  

Napanee,  Ont  

Napierville,  Que  

Napinka,  Man  

Nappan,  N.S  

Nauwigewauk,  N.B  

Nelson  Jet.,  N.B  

Newbury,  Ont  

Newcastle,  Ont  

New  Dayton,  Alta  

New  Germany,  N.S  

New  Glasgow,  N.S  

New  Hamburg,  Ont  

New  Norway,  Alta  

New  Westminster,  B.C. . . 

Nictaux,  N.S  

Ninga,  Man  

Nipigon,  Ont  

Nobleford,  Alta  

Nordenskioid,  Y.T  

Northfield,  Ont  

North  Lake,  Ont  

North  Lancaster,  Ont  

North  Portal,  Sask  

North  wood,  Ont  

Norton,  N.B  

Norton  Mills,  Vermont. . . 

Norwood,  Ont  

Notch  Hill,  B.C  

Notre- Dame-du-Lac,  Que. 


Oak  Bay,  N.B... 
Oakville,  Ont.... 

Oban,  Sask  

Okotoks,  Alta. . . 
Orangeville,  Ont. 
Osgoode,  Ont — 
Oshawa,  Ont. .  .  . 

Osier,  Sask  

Ottawa,  Ont  


Owen  Sound,  Ont. 

Oxbow,  Sask  

Oxford,  Ont  

Oxford,  N.S  

Oxford  Jet.,  X.S.. 


Painsec,  N.B. . . . 
Pakenham,  Ont.. 
Palgrave,  Ont. . . 
Palmerston,  Ont. 


Papineau ville.  Que  

Paquette,  Que  

Paris,  Ont  

Parkbeg,  Sask  

Park  Head  Jet.,  Ont  

Parkhill,  Ont  

t  International  boundary  monument 


B.M.  Number 

Year  of 
Publication 

Description 

Elevatio 

Page 

Page 

111 

1917 

285 

320 

181-D 

1917 

267 

307 

185-B 

1913 

48 

75 

37-B 

1917 

277 

314 

23-J 

1916 

170 

191 

91-B,  92-B 

1917 

279 

316 

219-G 

1919 

14 

23 

65 

1917 

282 

318 

579,  580 

1916 

154 

181 

323-B,  324-B 

1914 

215 

232 

149  to  150-A-2 

1917 

287 

321 

586-B,  587-B 

1918 

8 

32 

41-C 

1913 

68 

88 

CM  XIX 

1916 

X 

173 

107-B 

1913 

44 

73 

47-G-2 

1916 

152 

)  178 

242 

1913 

56 

81 

176 

1913 

53 

79 

206-C,  207-C 

1915 

24 

36 

469-B-2 

1916 

147 

175 

160-B 

1913 

47 

74 

102-F,  103-F 

1918 

15 

36 

68-F 

1916 

165 

187 

9-J  to  13-J 

1916 

169 

190 

480-B 

1916 

148 

175 

29-C 

1913 

67 

87 

785 

1918 

21 

40 

79-D 

1915 

25 

38 

1912 

27 

27 

494 

1914 

219 

235 

106-E 

1916 

162 

185 

887 

1919 

12 

20 

t 

1913 

88 

88 

245 

1913 

57 

81 

113-B 

1913 

44 

73 

23,  24,  25 

1917 

284 

319 

196-G 

1919 

13 

22 

339-C 

1918 

31 

45 

64-B 

1917 

278 

314 

4-B 

1917 

275 

313 

193 

1913 

55 

SO 

14-H 

1915 

20 

34 

60-D 

1915 

26 

38. 

267 

1913 

58 

82 

117-A,  118-A 

1913 

52 

78 

178-A,  179-A,  179 

1913 

54 

79 

36-D 

1914 

228 

240 

124-A,  125-A 

1913 

53 

78 

503,  504,  124-A 

1914 

220 

235 

286,  287,  288 

1913 

60 

82 

55-C 

1913 

69 

88 

114 

1917 

286 

320 

136-B 

1913 

46 

74 

135-B 

1913 

45 

74 

135-B 

1916 

146 

173 

MDXLIII 

1916 

t 

174 

68-G,  69-G 

1917 

250 

293 

376 

1913 

64 

86 

305 

1913 

61 

83 

305 

1918 

16 

37 

850,  850-A 

1919 

8 

18 

557-B 

1916 

153 

180 

222 

1913 

55 

80 

111-C 

1914 

229 

241 

291 

1913 

60 

83 

346 

1914 

221 

236 

%  Refer  to  Public  Works  Dept. 

38 


Geodetic  Survey  of  Canada 


ALPHABETICAL  LIST  OF  CITIES.  TOWNS,  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Conhnwed. 


Place 


Parry  Sound,  Ont  

Pasqua,  Sask  

Pelly,  Y.T  

Pense,  Sask  

Perth,  Ont  

Perth,  N.B  

Peterboro,  Ont  

Petitcodiac,  N.B  

Piapot,  Sask  

Pickering,  Ont  

Piedmont,  N.S  

Pier  son,  Man  

Pike  Creek,  Ont  

Pilot  Mound,  Man  

Pincher,  Alta  

Pine  wood,  Ont  

Pinto,  Sask  

Plaster  Rock,  N.B.. . 

Plessisville,  Que  

Pointe-du-Lac,  Que. . . 
Pointe  Gatineau,  Que. 

Pomquet,  N.S  

Pontypool,  Ont  

Portal,  North  Dakota 
Port  Arthur,  Ont  


Port  Clyde,  N.S  

Port  Colborne,  Ont. 
Port  Dalhousie,  Ont. 

Porthill,  Idaho  

Port  Hope,  Ont  


Port  Robinson,  Ont. 
Port  Saxon,  N.S.. .  . 
Port  Union,  Ont.. . . 
Port  Whitby,  Ont. . 

Prescott,  Ont  

Preston,  Ont  

Prince  Albert,  Sask. 

Princeton,  Ont  

Princeville,  Que  

Pubnico,  N.S  


Quarry ville,  N.B. 

Rainy  River,  Ont. 

Reford,  Sask  

Regina,  Sask  

Renfrew,  Ont  


Resplendent,  B.C  

Revelstoke,  B.C  

Richford,  Vt  

Richmond,  Que  

River  Beaudette,  Que.. . 

River  Glade,  N.B  

Riviere-du-Loup,  Que.. . . 
Riviere  Ouelle  Jet.,  Que. 

Roche- Percee,  Sask  

Rock  Island,  Que  

Romford,  Ont  

Roosevelt,  Minn  

Rosedale,  B.C  

Rose  Point,  Ont  

Rossport,  Ont  

Rosthern,  Sask  

Rothesay,  N.B  

Rouleau,  Sask  


B.M.  Number 

Year  of 
Publication 

Description 

Elevatio 

Page 

Page 

419,  420 

1914 

223 

237 

93-(J 

1913 

71 

89 

118,  119 

1912 

30 

30 

99-C 

1913 

71 

89 

112-G  to  115-G 

1917 

253 

295 

39-B 

1917 

277 

314 

202-G  to  205-G 

1919 

14 

22 

123-B 

lyio 

45 

73 

141-C 

1914 

231 

241 

180-A-2 

lyio 

54 

79 

165-B 

1913 

47 

74 

46-C 

1913 

68 

88 

253 

1  O  1  Q 

57 

81 

15-C 

1913 

67 

87 

94- D 

1  ni  7 

262 

304 

20-E 

1914 

226 

239 

67-C 

lyio 

69 

88 

301-B,  302-B 

213 

232 

bD5-B,  DDD-B 

12 

OA 

711-B 

1  ni  n 

lyiy 

1  A 
10 

ly 

863,  864 

1919 

9 

^  18 

76-B 

1913 

48 

74 

213-G 

1919 

14 

22 

t 

88 

88 

93-E  to  95-E 

1916 

161 

184 

93-E 

1  Q1  fi 

lyio 

oi 

Af\ 

4U 

442-B 

mis 

12 

on 

zy 

13o-r  to  13/-r 

iyi<5 

17 

OQ 

6(S 

133-F,  134-F 

mi  Q 

17 

oo 
oo 

198-D 

1  ni  7 

268 

oni 

172,  172-A,  173 

920,  921 

1919 

16 

24 

212 

1913 

63 

85 

441-B 

1915 

12 

29 

182 

1913 

54 

/y 

927 

1919 

16 

24 

118,  119,  913,  914 

1919 

13 

oi 
i2l 

83-F,  84-F 

1918 

14 

oa 
oo 

47-D,  48-D,  49-D 

1914 

228 

zw 

224 

1913 

55 

oU 

668-B 

1918 

12 

34 

454-B 

1915 

13 

on 
oU 

45-G 

1916 

lo2 

1  7Q 
I/O 

17-E 

1914 

226 

Zoy 

18-H 

1915 

20 

04 

1-D,  2-D,  3-D 

1913 

71 

on 
yu 

505,  506,  507 

1915 

17 

OS 

505 

1917 

251,  254 

294 ,  /yy 

117-H,  153-J 

1918 

29 

44 

311-C  to  314-C 

1917 

271 

oiU 

55 

1917 

282 

oi  Q 
Olo 

639-B,  640-B 

1918 

10 

oo 
oo 

DLXXVII 

1917 

t 

ooo 

125-B 

1913 

45 

7Q 

/O— 13,  //— Jt>,  to  D 

1Q1 7 

97Q 

315 

MCXXXVII 

1917 

X 

292 

1913 

69 

88 

33-A 

1913 

49 

75 

452 

1914 

224 

238 

13-E 

1914 

226 

239 

36-J 

1918 

24 

42 

565 

1915 

13 

31 

768 

1918 

20 

40 

40- D 

1914  ' 

228 

240 

103-B,  104-B 

1913 

44 

73 

SS-C,  89-C 

1913 

70 

89 

t  International  boundary  monunu'nt.       t  Refer  to  Public  Works  Dept. 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS,  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— CVjwimucc/. 


Place 

B.M.  Number 

Year  of 
Publication 

Description 

]01evati( 



Page 

Page 

Rouse  Point,  N.  Y  

58I-B 

1918 

8 

32 

120-C 

1914 

230 

241 

Russell,  Ont  

499 

1914 

220 

235 

47-H,  48-H 

1916 

163 

186 

Sable  River,  N.S  

427-B 

1915 

11 

29 

Sackville,  N.B  

MCCCCXXXVI,ctc. 

1916 

t 

174 

Salmon  Arm,  B.C  

335-C 

1918 

30 

45 

Sandstone,  Alta  

58-D 

1915 

26 

38 

Sarnia,  Ont  

357,  358,  359,  360 

1914 

221 

236 

Saskatoon,  Sask  

29-D  U)  33-D 

1914 

227,  228 

240 

Sault  Ste.  Marie,  Ont  

632,  633 

1916 

157 

182 

Sault  Ste.  Marie,  Mich  

636 

1916 

157 

182 

Savona,  B.C  

81-.T 

1918 

26 

43 

552-B 

1916 

153 

180 

Schreiber,  Ont  

763,  764 

1918 

20 

40 

553 

1915 

14 

31 

16-A-2 

1913 

49 

76 

Scott,  Sask  

19-H 

1915 

20 

'  34 

Shag  Harbour,  N.S  

449-B 

1915 

12 

29 

Shallow  Lake,  Ont  

290 

1913 

60 

83 

154 

1917 

288 

.321 

Sharbot  Lake,  Ont  

124-Cr 

1917 

2.53 

295 

Shelburne,  N.S  

433-B  to  436-B 

1915 

11,  12 

29 

Shelburne,  Ont  

271 

1913 

59 

82 

Sherbrooke,  Que  

1,  2,  3 

1917 

283 

319 

"   

35,  36 

1917 

281 

317 

"   

3 

1918 

10 

33 

Sicamous,  B.C  

330-C^ 

1918 

30 

45 

Siegas,  N.B  

51-B 

1917 

277 

314 

Sirdar,  B.C  

203-D 

1917 

268 

308 

87-E 

1916 

161 

184 

Smiths  Falls,  Ont  

88-G,  89-G 

107-G,  108-G 

1917 

251  to  253 

295 

South  Durham,  Que  

635-B 

1918 

10 

33 

South  Maitland,  N.S  

528-B,  529-B 

1916 

145 

172 

South  Stukely,  Que  

45 

1917 

281 

317 

67-J,  68-J 

1918 

25 

42 

Spillimacheen,  B.C  

159-D 

1917 

265 

306 

10-E 

1914 

225 

239 

472-B 

1916 

147 

175 

Springhill,  Que  

19-A-2,  20-A 

1913 

50 

76 

Springhill  Jet.,  N.S  

CMX 

1916 

X 

173 

556 

1915 

14 

31 

64-H 

1917 

271 

311 

67 

1917 

282 

318 

Stanley,  Ont  

86-E 

1916 

161 

184 

34 

1913 

49 

75 

Steele,  B.C  

138-D 

1917 

264 

305 

634,  635 

1916 

157 

182 

Stellar  ton,  N.S  

MCCC 

1913 

t 

75 

Stephen,  Minnesota  

1-C 

1913 

66 

87 

Stevens,  Y.T  

U8 

1912 

31 

31 

Stewart  Crossing,  Y.T  

162,  165 

1912 

32 

32 

Stickney,  N.B  

32-B 

1917 

276 

313 

203-C,  204-C 

1915 

24 

36 

Stittville,  Ont  

55-G 

1917 

249 

293 

201 

1913 

63 

85 

Stoney  Point,  Ont  

250 

1913 

57 

81 

Stonyplain,  Alta  

65-H 

1917 

271 

311 

79 

1917 

280 

317 

Stratford,  Ont  

106-F  to  108-F 

1918 

15 

36 

Sudbury,  Ont  

454  ,  454-A 

1914 

225 

238 

567-A 

1916 

154 

181 

26-J,  27-J 

1916 

170 

191 

Sussex,  N.B  

117-B 

1913 

44 

73 

Sutton,  Que  

52 

1917 

282 

318 

51-F 

1916 

164 

187 

216-C  t 

1915 

25 

37 

Swift  Current,  Sask  

126-C,  127-C 

1914 

230 

241 

t  Refer  to  Public  Works  Dept.      t  Also  bench-mark  in  international  boundary  monument. 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS,  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Con^muet/. 


Place 

B.M  Number 

Year  of 
Publication 

Description 

Elevation 

Page 

Page 

St.  Agapit,  Que  

653-B  to  655-B 

1918 

11 

34 

St. Alexandre,  Que.  (Kamouraska 

Co.)  

MCLI 

1917 

+ 
+ 

292 

Ste.   Anne,   Que.  (Kamouraska 

Co.)  

MXCIX 

1917 

t 

292 

St.  Anselme,  Que  

214-B 

1913 

52 

77 

68,  69,  70 

1917 

282 

318 

St.  Barthelemi,  Que  

702-B 

1919 

10 

19 

St.  Bazile,  Que.  (Chambly  Co.). 

604-B 

1918 

9 

32 

St.  Bruno,  Que.  (Chambly  Co.) 

602-B 

1918 

9 

32 

St.  ('atharines,  Ont  

207,208 

1913 

63 

85 

St.  ('harles  Jet.,  Que  

MCXXXI 

1917 

: 

291 

St.  C'uthbert,  Que  

700-B 

1919 

10 

19 

St.  Edouard,  Que.  (Napierville 

Co.)._  

589-B 

1918 

8 

32 

195-B,  196-B 

1913 

51 

77 

St.  George,  N.B  

83-B 

1917 

279 

316 

Ste.  Henedine,  Que  

212-B 

1913 

52 

77 

St.  Henri,  Que  (Levis  County).. 

216-B 

1913 

52 

77 

St.  Hilaire,  N.B  

262-B 

1917 

247 

290 

St.  Hilaire,  Que.  (Rouville  Co.).. 

607-B 

1918 

9 

32 

St.  Honore,  Que  (Temiscouata 

Co.)  

70-B 

1917 

278 

314 

St.  Hubert,  Que..  .  . 

600-B 

1918 

9 

32. 

St.  Hyacinthe,  Que  



611-B  to  613-B 

1918 

9 

32 

615-B 

1918 

10 

33 

St.  Jean  Port  .Joli,  Que  

MCVI 

1917 

+ 

291 

St.  John,  N.B  

97-B  to  100-B 

1917 

280 

316 

St.  Johns,  Que  

75,  76 

1917 

280 

317 

St.  Joseph-de-Levis,  Que  

220-B 

1913 

52 

77 

Ste.  Julie,  Que.  (Megantic  Co.).. . 

662  B 

1918 

11 

34 

Ste.  Justine,  Que.  (Vaudreuil  Co.) 

879 

1919 

11 

20 

St.  Lambert,  Que  

597-B-2,  598-B 

1918 

9 

32 

St.  Leonard,  N.B  

50-B 

1917 

277 

314 

St.  Liboire,  Que  

626-B 

1918 

9 

32 

St.  Louis,  Que.  (Beauharnois  Co.) 

88 

1917 

284 

320 

Ste.  Madeleine,  Que  

609-B 

1918 

9 

32 

Ste.  Malachie,  Que  

227-B 

1917 

244 

289 

St.  Malo,Que.  (Compton  County) 

555-B 

1916 

153 

180 

St.  Margaret,  N.S  

394-B 

1915 

9 

28 

829 

1919 

7 

18 

Ste.  Marie,  Que.  (Beauce  Co). . . . 

209-B 

1913 

51 

77 

St.  Marys,  Ont  

110-F,  111-F 

1918 

15 

37 

St.  Pacome,  Que  

MXCVI 

1917 

+ 

292 

St.  Paschal,  Que  

MCXLVI 

1917 

+ 

292 

St.  Philippe-de-Neri,  Que  

27-G 

1917 

248 

292 

St.  Pie,  Que.  (Bagot  County)  

618-B 

1918 

11 

33 

St.    Pierre,    Que.  (Montmagny 

291 

Co.)  

565-B 

1917 

247 

St.  Polycarpe,  Que  

882 

1919 

11 

20 

T^r^l \7^pfi  rnA  .lot,  OiiP 

92,  881 

1919 

11 

20 

Ste.  Rosalie  Jet.,  Que  

614-B 

1918 

9 

32 

Ste.  Rose,  Que.  (Laval  Co.)  

831 

1919 

7 

18 

Ste.  Rose,  Que.  (Temiscouata  Co) 

62-B 

1917 

278 

314 

860,  861 

1919 

8 

18 

Ste.  Scholastiquc,  Que  

835-A,  836 

1919 

7 

18 

St.  Stephen,  N.B  

2-B,  3-B 

1917 

275 

313 

884 

1919 

11 

20 

Ste.  Therese,  Que  

832 

1919 

7 

18 

St.  Vallicr,  Que  

MCXXV 

1917 

t 

291 

686-B 

1919 

9 

19 

Taber,  Alta  

186-C,  187-C 

1915 

23 

36 

Taft,  B.C  

323-C 

1918 

30 

44 

Takhini,  Y.T  

20,  21 

1912 

25 

25 

Tako,  Sask  

20-H 

1915 

20 

34 

Tara,  Ont  

293 

1913 

60 

83 

Tatamagouche,  N.S  

147-B 

1913 

46 

74 

Terrebonne,  Que  

687-B 

1919 

9 

19 

t  Refer  to  Public  Works  Dept. 
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ALPHABETICAL  LIST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— Coniinued. 


Place 


Thamesville,  Ont  

Thedford,  Ont  

Thoriihill,  Man  

Thorold,  Ont  

Three  Hills,  Alta  

Three  Rivers,  Que  

Thurso,  Que  

Tiehborne,  Ont  

Tofield,  Alta  

Tompkins,  Sask  

Toronto,  Ont  

Tottenham,  Ont  

Trenton,  Ont  

Tring  Jet.,  Que  

Trochu,  Alta  

Truro,  N.S  

Tupperville,  Ont  

Tusket,  N.S  

Tweed,  Ont  

Unity,  Sask  

Upper  Woods  Harbour,  N.S... 

Upton,  Que    

Utopia,  Ont  

Valley  field.  Que  

Valley  Jet.,  Que  

Van  Buren,  Maine  

Vanceboro,  Maine  

Vancouver,  B.C  

Vankleek  Hill,  Ont  

Vera,  Sask  

Verona,  Ont  

Versailles,  Que  

Victoriaville,  Que  

Viking,  Alta  

Vulcan,  Alta  

Wabamun,  Alta  

Wainwright,  Alta  

Wakefield,  Que  

Wales,  Ont  

Walkerville,  Ont  

Wallaceburg,  Ont.  

Walsh,  Alta  

Warman,  Sask  

Warner,  Alta  

Warroad,  Minn  

Warwick,  Que  

Waterloo,  Ont  *  

Waterville,  N.S  

Waterville,  Que  

Watt,  N.B  

Webb,  Sask  

Webbwood,  Ont  

Welland,  Ont  

Welland  Jet.,  Ont  

Westchester,  N.S  

Westfort,  Ont  

West  Huntingdon,  Ont  

West  Merigoniish,  N.S  

Westmount,  Que  

Weston,  Ont  

West  Toronto,  Ont  

Weyburn,  Sask  

Whitby,  Ont  

Whitefish  Lake,  Que  

X  Refer  to  Public  Works  Dept. 


B.M.  Number 

Year  of 
Publication 

Description 

Elevatio 

Page 

Page 

243-A 

1913 

57 

81 

349. 

1914 

221 

236 

9-(^ 

1913 

66 

87 

210,  211 

1913 

63 

85 

53-F 

1916 

164 

187 

713-B  to  716-B 

1919 

10 

19 

854 

1919 

8 

18 

146-G 

1917 

255 

300 

50-H,  51-H 

1916 

163 

186 

138-C 

1914 

231 

241 

185  to  189 

1913 

54 

79 

234-G  to  241-G 

1919 

15,  16,  17 

23,  25 

377-A 

1913 

64 

86 

161 

1917 

288 

322 

204-B 

1913 

51 

77 

55-F 

1916 

164 

187 

534-B  to  537-B 

1916 

146 

172 

369 

1914 

222 

'  236 

460-B 

1915 

13 

30 

174-G  to  176-G 

1917 

256 

296 

22-H 

1915 

20 

34 

451-B 

1915 

12 

29 

627-B,  628-B 

1918 

9 

32 

387 

1913 

65 

86 

89 

1917 

284 

320 

207-B 

1913 

51 

77 

•50-B 

1917 

277 

314 

12-B,  13-B 

1917 

275 

313 

1-J  to  5- J 

1916 

168 

190 

871 

1919 

11 

20 

23-H 

1915 

20 

34 

152-G 

1917 

255 

300 

72 

1917 

280 

317 

670-B  to  672-B 

1918 

12 

34 

43-H 

1916 

162 

185 

68- D,  69- D 

1915 

26 

38 

69-H 

1917 

272 

311 

36-H 

1915 

21 

34 

469,  470 

1914 

218 

234 

897 

1919 

12 

21 

255 

1913 

57 

81 

367 

1914 

222 

236 

155-C 

1915 

22 

35 

35-D 

1914 

228 

240 

209-C,  210-C 

1915 

24 

36,  37 

12-f: 

1914 

226 

239 

674-B,  675-B 

1918 

12 

34 

98-F,  99-F 

1918 

15 

36 

489-B 

1916 

148 

175 

9 

1917 

283 

319 

8-B 

1917 

275 

313 

132-C 

1914 

230 

241 

585 

1916 

155 

181 

213 

1913 

64 

85 

214 

1913 

64 

85 

CMLX 

1916 

+ 

172 

89-E 

1916 

161 

184 

181 -G 

1917 

257 

301 

163-B 

1913 

47 

74 

810 

1918 

13 

35 

256-A 

1913 

58 

82 

238-G  to  241-G 

1919 

16,  17 

25 

80-C\  81-C 

1913 

70 

89 

180- A,  1)26,  927 

1919 

16 

24 

487 

1914 

219 

234 
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ALPHABETICAL  LLST  OF  CITIES,  TOWNS  AND  VILLAGES  AT  OR  NEAR  WHICH 
BENCH-MARKS  HAVE  BEEN  ESTABLISHED— C'onciwded. 


• 

Year  of 

Place 

B.M.  Number 

Publication 

Description 

Elevation 

Page 

Page 

Whitehorse,  Y.T  

/ 

1912 

25 

25 

14-F 

1915 

18 

33 

43- R,  4S-R 

1912 

23 

23 

White  River,  Ont  

728,  723-A 

1918 

18 

39 

Whiterock,  B.C  

17-J,  18-J 

1916 

169 

190 

Whitewater,  Man  

35-C 

1913 

68 

88 

Whitney,  Ont  

536 

1915 

15 

31 

86-C,  87-0 

1913 

70 

89 

890 

1919 

12 

20 

Wilmot,  N.S  

485-B 

1916 

148 

175 

109 

1917 

285 

320 

255 

1913 

57 

81 

Windsor,  N.S  

502-B  to  505-5 

1916 

149 

176 

Windsor  Jet.,  N.S  

MXXXIV 

1916 

X 

171 

Windsor  Mills,  Que  

644-B ,  645-B 

1918 

10 

33 

Winghani,  Ont  

314 

1913 

61 

83 

Winnifred,  Alta  

176-C 

1915 

23 

35 

l-F,  2-F,  3-F 

1915 

17 

33 

202 

1913 

63 

85 

Winter,  Sask  -.  

25-H 

1915 

20 

34 

Wolfville,  N.S  

49o-B  to  497-13 

1916 

"X  AO     1  /I n 

i4o,  i4y 

175 

Woodstock,  Ont  

226,  227 

1913 

55 

80 

Woodstock,  N.B  

25-B,  26-B,  27-B 

1917 

276 

313 

Worthington,  Ont  

577 

1916 

154 

181 

Wounded  Moose,  Y.T  

179 

1912 

33 

33 

Yahk,  B.C  

187-D 

1917 

267 

307 

708-B 

1919 

10 

19 

Yarmouth,  N.S  

463-B,  464-B,  4fi5-B 

1915 

13 

30 

Yellow  Grass,  Sask  

83-C 

1913 

70 

89 

H 

1912 

29 

29 

27-H 

1915 

20 

34 

X  Refer  to  Public  Works  Dept. 
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